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THE EFFECT OF PARTICLE SIZE AND SOLUBILITY OF SULFUR 
IN CARBON DISULFIDE UPON ITS TOXICITY TO FUNGI 
EpMUND F. FEIcuTMEIR 
(Accepted for publication March 10, 1949) 

INTRODUCTION 


Despite the commercial production of new synthetic fungicides, sulfur 
continues to hold an important place among materials used for plant pro- 
tection. In many respects its action is but poorly understood and hence 
further experimental work seemed worthwhile. In particular, attention has 
been given to the relative fungicidal potency of different allotropic forms and 
to the effect of variation in the method of preparation. Since it has long 
been known that the effect of sulfur preparations is related to the size of 
particles (18, 21), special effort was made to prepare experimental samples 
of very homogeneous characteristics. 

There are several allotropic forms of sulfur, some crystalline, others 
amorphous (8, pp. 236-237). All of the erystalline forms are soluble in 
carbon disulfide (CS.), whereas there are both CS.-soluble and CS,-insoluble 
amorphous forms. At normal temperatures all of the crystalline and CS.- 
soluble amorphous forms transform to the rhombic state in two or three days 
(8). The CS,-insoluble amorphous form remains rather stable. This dif- 
ference in solubility in CS, was utilized in this study for comparing the 
toxicity toward fungi of allotropic forms of sulfur. 


MATERIALS AND METHODS 


Size ranges of 1-2y, 5-64, 10-11p, and 15-16u diameter were separated by 
liquid sedimentation according to the principle of Stokes’ Law of falling bod- 
ies (17). Two-liter cylinders were used as settling chambers for the large 
fractions, and oblong, flat-bottomed glass containers approximately 9 inches 
x 10 inches and 8 inches high for the smaller sizes. A thick suspension was 
made by adding sulfur to a solution of polyether alcohol (Triton X-100) in 
water and mixing in a Waring Blendor. This suspension was poured into 
the 2-liter cylinder, made up to volume, and mixed by inverting back and 
forth for 1 min. The final concentration of alcohol was 0.1 per cent. The 
cvlinder was then placed upright and the time immediately noted. The 
time required for all particles larger than the maximum of the cut being 
made to settle the distance from the 2-liter mark (A) to the 1-liter mark 
(B), was caleulated. When this time had elapsed all the liquid above B 
was withdrawn by gentle suction on a small orificed pipette or siphon. This 
mixture was then placed in another cylinder, brought up to 2 liters with 
0.1 per cent alcohol solution, and the process was repeated, except that the 
time required for the finest particles of the cut to settle a distance from A to 
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B was used. The liquid above B was again withdrawn but this time was 
discarded. The fraction below B contained a mixture of particles none 
of which were larger than the upper limit as well as some particles smaller 
than the minimum size desired. By repeating the settling process 5 to 10 
times, depending upon the particle size of the cut desired, those particles 
smaller than the lower limit were removed and a very uniform, narrow cut 
obtained. 

Microscopie examination showed the 1—2 » samples used in the tests to 
be mostly 2 » in diameter. The other ranges were of uniform distribution 
although the larger sizes had a greater variability in shape than the smaller 
ones. 

The alcohol was slightly toxic to some of the test organisms at the con- 
centrations necessary to keep the particles dispersed; so, following the final 
separations, the alcohol was removed by the process of centrifuging, de- 
eanting, and replacement with a 0.05 per cent solution of blood albumin. 
Blood albumin solution was not used as the original dispersing agent be- 
cause at room temperature there was a tendency for some putrefaction to 
occur during separation of the smallest particle size range. However, the 
final samples were stored at 4° C. with no detectable putrefaction. 

Even when using blood albumin or polyether aleohol, which were the 
best of all dispersing agents examined for use with sulfur, only a relatively 
small percentage of the original samples was dispersed into individual 
particles 

The CS.-insoluble sulfur was obtained by leaching a commercial sub- 
limed sulfur (approximately 35 per cent of the insoluble form) with CS.. 
The sublimed sulfur was allowed to stand in the solvent for 5 min., then was 
filtered and washed continuously for 1 hr., using 2 gal. of CS, for 1000 gm. 
of sulfur. Following washing, suction was applied to remove as much CS, 
as possible. The sample then was spread out in a fine layer on filter paper 
and allowed to dry for 24 hr. At this stage an average particle size of 2.2 p 
was obtained by Gooden and Smith’s air permeability method (6). Micro- 
scopic examination indicated that what appeared to be much larger particles 
were actually agglomerates which partially dispersed because of the action 
of immersion oil. Since practically all of the individual particles were 3 » 
or smaller in diameter, only the 1-2 p» fraction was separated for this form; 
no CS, could be detected in these separations. Although many attempts 
were made to produce CS.-insoluble sulfur of larger particles so that com- 
parisons could be run over a range of sizes, none was successful. 

The CS.-soluble fractions were from mined sulfur either ground as such 
or with the addition of 0.5 per cent magnesium carbonate. Magnesium ear- 
bonate is non-toxie at concentrations which might be present. The micron- 
ized sulfur used, also CS.-soluble, was that sold under the name ‘‘ Butcher 
Brand’’; its average particle size was 5 » but no difficulty was encountered 
in obtaining samples for all ranges between 1 » and 16 » diameter. Since 


some of the above samples had a small amount of the CS,-insoluble fraction 
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present, they were dried at 95° C. for 48 hr. to render them soluble before 
separating the size ranges. After this treatment analysis showed the 
samples to be completely soluble in CS.. 

The quantity of sulfur present in the final samples was determined by 
Sommer’s pyridine method (15). The dried sample required for this analy- 
sis was obtained by evaporating an aliquot of the sulfur suspension with 
the aid of suction from a water aspirator. 

Four organisms and three techniques for assaying toxicity were used. 
The first method, drop-dilution, was similar to MeCallan and Wileoxon’s 
(10) test-tube dilution slide-germination test, with conidia of Sclerotinia 
fructicola (Winter) Rehm being used as the test organism. The technique 
in this study differed from MeCallan and Wilcoxon’s method in that no 
stimulant other than blood albumin was added; and further, the spore sus- 
pensions were obtained by washing conidia from the culture slants with 
0.05 per cent blood albumin solution by a gentle rotation of the tube be- 
tween the hands. In addition, Petri dishes were employed as moist cham- 
bers with one test slide per dish. 

The second method using the barley mildew fungus was employed for 
comparative purposes. In utilizing this method, three drops of sulfur sus- 
pension were placed on a slide and allowed to dry. Then the slides were 
placed at the bottom of a settling chamber and dusted with the conidia of 
Erysiphe graminis hordei Marchal from an 8-day culture on potted barley 
plants. The dry slides were placed in Petri dishes without a water seal 
and incubated 20 hr. at 16° C. The relative humidity of the incubator was 
9 per cent by the wet bulb method. The number of spores counted for each 
treatinent was equal to that required to give 100 germinating spores on the 
control. Since the controls consistently yielded low germination values 
(approximately 50 per cent), several were run in each experiment. A dif- 
ference of plus or minus 2 per cent germination for these controls was 
adopted as the maximum allowable experimental variation for which data 
would be considered reliable. 

The bean rust fungus, Uromyces appendiculatus (Pers.) Lev., and the 
bean mildew organism, Erysiphe polygoni D C, were used as test fungi in 
the third method. Pinto bean plants 10-12 days old were used for inocula- 
tion. They were pinched back to a single leaf because of the limited quan- 
tity of the sulfur samples. Preliminary experiments showed that 1.5 ml. 
of suspension could be sprayed on an average leaf before runoff commenced. 
A De Vilbiss hand sprayer was modified so that it could be used on a com- 
pressed air line. A vial containing 1.5 ml. of sulfur suspension was made 
up for each leaf surface. Spraying was done in the morning and the leaves 
were allowed to dry until 5 o’clock in the afternoon, when they were in- 
oculated by spraying with spore suspensions and placed in a moist chamber 
overnight. They were then placed upon a bench in the greenhouse and a 
period of 10 days was allowed for the rust pustules to develop after which 
the number per square centimeter was counted. The mildew infection was 
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estimated 11 days after inoculation on a 0-10 basis. The value of 10 was 
given to the control in each experiment; zero indicated there was no in- 
fection. 

The data were plotted on log-probability paper with straight lines being 
used to represent the best dosage-mortality curves (2). Since in nearly all 
of the experiments in this study the slopes of the lines within each test were 
essentially identical, it would make little difference what LD level was 
chosen for comparative purposes. According to MeCallan and Wilcoxon 
(11), LD 50 is the most precise point for comparing compounds of essen- 
tially similar slopes. Most of the points for the curves fell between 5 per 
cent and 95 per cent; so for uniformity the 50 per cent level was used 
throughout. 

OBSERVATIONS AND EXPERIMENTAL RESULTS 


In figure 1 are shown the comparative toxicities of CS.-insoluble and 
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Fig. 1. Toxicity for conidia of Sclerotinia fructicola of CS.-insoluble and CS,-soluble 
sulfur with particles 1 to 24 in diameter. 


CS.,-soluble sulfur at the 1-2 » diameter size against the conidia of Nele- 
rotinia fructicola. Regression lines were calculated for best fit. They are 
practically parallel and no doubt would be if more points had been obtained, 
indicating that the toxicity of the two forms is due to the same causative 
agent. 


The results of experiments in which 1-2 » diameter size ranges of CS.- 














1949 | FEICHTMEIR: SULFUR AS A FUNGICIDE 609 


insoluble and CS,-soluble sulfur were compared for toxicity against conidia 
of Erysiphe graminis hordet are shown in figure 2. 

With sulfur particles 1-2 » in diameter the concentrations of CS.-in- 
soluble and CS,-soluble sulfur, respectively, in pg per ml. for 50 per cent 
reduction in germination or infection were as follows: for germination of 
conidia of Sclerotinia fructicola, 3.19 and 13; for germination of Erysiphe 
graminis hordei, 0.6 and 2.1; for protection against Uromyces appendicula- 
tus, 30 and 80; and for protection against Erysiphe polygoni, 1.9 and 12. 
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Fic. 2. Toxicity to conidia of Erysiphe graminis hordei of CS.-insoluble and CS.- 
soluble sulfur with particles 1 to 24 in diameter. 


The factor of particle size was investigated for two reasons: the first was 
to obtain more precise information concerning the effect of particle size on 
toxicity to fungi; the second was to resolve if possible the differences be- 
tween the findings of Persing ef al. (13), and those of Wileoxon and Me- 
Callan (21), Hamilton et al. (7), and others. The latter group has pub- 
lished numerous data to show that a decrease in particle size increases toxic- 
ity. Persing, however, found that against thrips a medium particle size 
range, 50-40 », was more effective. 

Method of grinding was briefly investigated along with the particle size 
experiments, because Alexander (1), working with inert insecticides, has 
shown this to be a factor which might affect toxicity. The claim has been 
made, apparently without substantiation, that at the same average particle 
size, micronized (12) sulfur is more effective than corresponding Raymond 
Mill ground material. In the micronizing process air at 100 Ib. pressure is 
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used to propel particles against one another causing them to be shattered 
and thus reduced in size. No conclusive scientific evidence has been found 
in the literature which substantiates or refutes any differences in sulfur 
toxicity due to method of grinding. 

In this study the relationship of toxicity to particle size using CS.- 
soluble sulfur of 1-2 p, 5—6 pw, 10-11 p, and 15-16 » diameter sizes is shown in 


figures 3} and4. Figure 83 shows the effect of concentration on eermination of 
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Sclerotinia f cticola, 


conidia of Sclerotinia fructicola. Micronized and regular ground sulfur 
showed no noticeable difference in toxicity ; two tests of each are plotted to- 
gether in figure 38. By dividing the LD 50’s in figure 3 by the LD 50 of the 
]—2 » range the following ratio is obtained: 1: 7.4: 24.6: 55. It is important to 
note that by using the square of the radius of each particle size, a very similar 
ratio is obtained: 1 :6.3 :25 :56. This ratio was calculated on the basis of 
the observation that the smallest fraction was practically all 1 » in radius. 

The effect of concentration on germination of the conidia of Erysiphe 
graminis hordei for the four size ranges is shown in figure 4. Data from 
the tests with the other two organisms corroborated the findings in figures 3 
and 4. 

During the work with bean rust the plants stood on a bench in the 
greenhouse and were exposed to air-borne infection by bean mildew. This 
gave an opportunity to evaluate the residual effect of the different particle 
size preparations. When the degree of mildew infection after two and 
three weeks was compared at the concentration for each particle size at 


which 95 per cent protection against rust was obtained, a large amount of 
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infection was found in the 1-2 » range, a very small amount in the 5-6 p 
range, and none in the larger size ranges. Based on the time usually re- 
quired to reach the state at which readings were made, one would estimate 
the period of protection as less than one week for the 1-2 » size and more 
than a week for the 10-11 » and 15-16 » ranges. These observations con- 
firm the findings of Persing et al. (13) using average particle size. 
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Fig. 4. The effect of particle size of CS,-soluble sulfur on toxicity to conidia of 
Erysiphe graminis hordei. 

As previously noted, CS.-insoluble sulfur has a very strong tendency to 
form agglomerates. While attempting to reduce the concentration of the 
polyether alcohol by centrifuging, decanting, and adding water in an ali- 
quot of the 1-24 fraction, agglomeration commenced. Further dilution 
with water was stopped and 0.05 per cent blood albumin solution was used 
instead. Part of the sample remained agglomerated. Another aliquot of 
the same original suspension was washed an equal number of times with 
0.05 per cent blood albumin solution. All the particles in both samples 
were the same size, 1-2 », but one sample was completely dispersed while 
the other had an appreciable number of agglomerates. Using the drop- 
dilution technique the concentration required to prevent germination of 50 
per cent of the conidia of Sclerotinia fructicola was determined for each 
sample. The results showed that the non-clumped material was four times 
as toxic as the agglomerated sample. These data indicated that further 
studies of agglomeration effects might be profitable. 

Some exploratory toxicity tests were run with amorphous sulfur which 
was obtained by rapid evaporation of a measured amount of an acetone solu- 
tion of sulfur upon 15-mm. cover slips. The cover slips were secured to 
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slides by the attraction of a film of water between the two surfaces. The 
acetone solution of sulfur did not run over the edges of the cover slips. 
Microscopic examination showed that the particles remaining after evapora- 
tion of the acetone were mostly 1-2 in diameter. Although there were 
possibly many particles outside the range of resolution, most of the mass 
was of the larger size. Conidia of Sclerotinia fructicola in 0.05 per cent 
blood albumin solution were used in testing toxicity ; they were placed upon 
the cover slips within 4 hr. after the particles were formed, and the stand- 
ard procedure, as outlined for the drop-dilution method, was followed. The 
amorphous sulfur was more than 10 times as toxic as the CS.-soluble form, 
requiring only 0.13 wg per sq. em. to give 50 per cent inhibition. 

Although it is not justifiable to conclude that the above figures give the 
true relative toxicities, since the samples could not be separated into definite 
particle size ranges because of the rapid rate of transformation to the crys- 
talline form, an LD 50 of 0.13 pe per sq. em. for Sclerotinia fructicola still 
indicates remarkable toxicity for sulfur. 

DISCUSSION 

The data for the CS.-insoluble and CS.-soluble sulfurs showed the 
former to have about three times the innate toxicity of the latter. It does 
not mean, however, that commercial sulfur of the former type would have 
three times the toxicity in the field. Branas’s data (3) indicated that sub- 
limed sulfur containing approximately 35 per cent of the CS.-insoluble 
form was not appreciably more toxic than crystalline sulfur toward grape 
mildew, Uncinula necator (Schw.) Burr. The CS.-insoluble sulfur is com- 
posed principally of spherical particles grouped together like a bunch of 
grapes and difficult to disperse. From the data on the effect of agglomera- 
tion one might expect that the higher innate toxicity of the CS.-insoluble 
sulfur would be counteracted by the formation of agglomerates. 

Branas (4) has found essentially the same effect of agglomeration by 
chemical methods that is shown in this study by biological means. Using 
aliquots of the same sulfur sample, he showed that as the weight per unit 
area increased the vapor given off per unit weight decreased. 

It is interesting to note in connection with the use of blood albumin and 
glue as dispersing agents, that Yothers and Miller (22) and Stafford (16) 
found these two materials very effective for increasing deposit and adher- 
ence of sulfur on citrus and apples, respectively. It is well known that the 
smaller the particle, the greater is its sticking power. Blood albumin was, 
no doubt, breaking the agglomerates. The argument that increased fungi- 
cidal effect was due entirely to heavier deposit ignores the effect of albumin 
and glue in decreasing agglomeration. In the light of the toxicity data on 
clumping one should also expect greater toxicity due to greater dispersion 
even though resistance to weathering was not improved. 


The increase in toxicity upon decreasing particle size was clearly demon- 


strated. It does not seem probable that the high correlation of toxicity 
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with surface area in the Sclerotinia fructicola tests could have been pure 
chance, for the general relationship throughout is too pronounced. It is 
well known that it is not necessary for sulfur particles to touch the spores 
in order to kill. The amount or rate at which sulfur vapor is given off per 
unit weight must have a high correlation with toxicity. 

Apparently, method of grinding has little or no effect upon innate 
toxicity of sulfur. No significant difference in toxicity of sulfur against 
four organisms tested at four particle size ranges was shown between 
micronized and Raymond Mill ground sulfur in this study. 

The low concentrations at which control was reached for the various 
samples indicate the possibilities of sulfur as a toxicant when well dispersed 
and of small particle size. This evidence together with the remarkable 
toxicities shown by sulfur obtained from acetone solutions offers a possible 
explanation for the great toxicities found by Liming and Young (9), Roach 
and Glynne (14), and Tisdale (19). Most of the experiments by these 
workers were conducive to the production of extremely fine amorphous sul- 
fur and this rather than pentathionic or thiosulfuric acid probably ac- 
counted for their results. Tisdale states that his paste, made from the 
reaction of sulfur dioxide with hydrogen sulfide, lost its toxicity upon erys- 
tallization. This also indicates that he may have been dealing with an 
amorphous form. 

From the above discussion it might appear that the smaller sizes should 
always be the most effective fractions. This is normally true but there 
may be apparent exceptions. As previously noted, when the particles are 
agglomerated toxicity is reduced. Also, when sulfur must retain its action 
over a long period of time, as is required in control of thrips (13), this may 
not apply. The smaller particle sizes do not weather well. The rust and 
mildew experiments demonstrated this, as did Persing’s work. Weathering 
in these cases does not involve withstanding rains. Temperature is the 
important factor, especially the temperature of the leaves or fruit upon 
which the sulfur is placed. The findings of Curtis (5), who showed that it 
is possible for leaf temperatures to be 2° to 10° C. higher than the surround- 
ing air temperature, and Turrell ef al. (20) who found rind temperature of 
oranges to average 23° F. higher than air temperature, are worth con- 
sidering in this connection. 

One may conclude from the observations and experimental results in 
this study that the innate toxicity of sulfur is increased by any factor, such 
as favorable allotropie form (i.e., CS.-insoluble; amorphous from acetone 
solution), higher temperature, smaller particle size, or increased dispersion, 
which causes a greater amount or rate of production of sulfur vapor per 
unit weight of sample. 

SUMMARY 
The influence of sulfur form, particle size, and type of grinding upon 


toxicity against fungi has been investigated using particle size ranges of 
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1-2 wp, 9-6 p, 11-12 p, and 15-16, diameters plus or minus one micron. 


These narrow size ranges were separated by means of liquid sedimentation. 

With sulfur particles 1-2 » in diameter the concentrations of carbon 
disulfide-insoluble and carbon disulfide-soluble sulfur, respectively, in pg. 
per ml. for 50 per cent reduction in germination or infection were as fol- 


lows: for germination of conidia of Sclerotinia fructicola, 3.9 and 13; for 


germination of conidia of Erysiphe graminis hordei, 0.6 and 2.1; for protee- 


» 


tion against Uromyces appendiculatus, 30 and 80; and for protection 
against Erysiphe polygon, 1.9 and 12. 


The LD 50 against conidia of Sclerotinia fructicola for carbon disulfide- 
soluble sulfur particles of 1-2 p, 5-6 », 10-11, and 15-16 y in diameter 
decreased directly as the surface area per unit weight increased. 

The agglomeration of individual sulfur particles decreased their fungi- 
cidal effectiveness. 

Large particles retained their protective ability for a longer time than 
did small ones. 

Miecronized sulfur showed no greater innate toxicity than Raymond 
Mill ground sulfur. 

In addition, an amorphous form (particles approximately 2 » in diam- 
eter) produced by evaporating an acetone solution of sulfur gave a high 
toxicity against conidia of Sclerotinia fruecticola—LD 50 of 0.13 pe. per 


square centimeter. 
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A GALL OF TAHITI LIME AND OTHER CITRUS SPECIES 
CAUSED BY DODDER 


L. CARL KNORR 
(Accepted for publication April 10, 1949) 
INTRODUCTION 


Excrescences on the bark of citrus are of various types and etiologies. 
One of the most common is Sphaeropsis knot caused by the pathogen 
Sphaeropsis tumefaciens Hedges (6). Faweett (3) describes other ab- 
normal growths resembling those produced when Agrobacterium tumefac- 
iens (Smith and Townsend) Conn was inoculated into citrus species, and 
refers (2) to J. C. Perry’s classification of citrus galls into three types: 
a) those having a rough, more or less spongy surface, (b) those covered 
with scaly, hard-pointed projections, and (¢) those covered with a smooth 
bark similar to that of the trunk or limb and consisting of a hard woody 
tissue underneath. Peculiar burrlike growths bearing numerous buds are 
described by Shamel, Pomeroy, and Caryl (8) as occurring in the leaf axils 
of Washington navel oranges; these, however, failed to show any diseased 
condition, and were regarded as being heritable. ‘‘ Knobby bark’’ is de- 
scribed by Fawcett and Bitancourt (4), and the galls are deemed a pos- 
sible virus effect which may be related to psorosis. Nowell (7) mentions 
the sporadic occurrence in St. Lucia and Dominica of citrus galls in which 


no organisms could be found; and Savastano, cited by Faweett (2 


also 
refers to protuberances of a similar type in Sicily. 

Galls on citrus differing from those hitherto described are reported 
here. Examples were found in a grove of Tahiti lime (Citrus aurantifolia 
Christm.) Swingle) in Winter Haven, Florida, during the summer of 
1948. At first glance these appeared to be Sphaeropsis knot, but further 
observation showed the galls to be arranged in a dextrorse spiral; and 
this right-handed ascendancy, reminiscent of the way dodder twines, fur- 


nished a clue as to their possible origin. 


SYMPTOMATOLOGY 


Morphologic symptoms.—Figure 1, A, B, and C,' from left to right, 
shows a gradation in age and severity of dodder galls. On recently at- 
tacked stems the spiral pattern of minute, callused cankers left by the dead 
haustoria readily suggests their dodder origin. Older galls, however, pre- 
sent a less evident aspect of such origin, and it is these which at first sight 
may be confused with Sphaeropsis knot. Here again, however, the dex- 
trorse arrangement can be traced without much difficulty and the identifi- 
cation facilitated. 


1 Appreciation is herewith expressed to K. W. Loucks of the Florida Citrus Com- 
mission for his assistance in taking photographs. 
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On stems of recent infection, as typified by figure 1, A, the dodder 
leaves a band of slightly raised, light-colored bark, and in this band are 
to be seen the regularly spaced oval craters, former sites of the haustoria, 
averaging 1 x 1.5 mm. in diameter. Other stems (Fig. 1, B) may not show 
a continuous band of abnormal bark but may consist of discrete light- 
colored, lenticular or circular craters ascending the twig in a spiral, with 
normal bark between the cankers. The oldest infections (Fig. 1, D to H) 
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Fic. 1. Dodder galls on Tahiti lime. A, B, and C: Gradation in age and severity 
of galls. D, E, and F: Gall formation at nodes leading to a stunting of new wood. 
G and H: Typical aspect of galls, 163 of which occurred on 7 representative stems 
totaling 85 in. in length, 
consist of tumors with hard woody outgrowths covered by bark that ranges 
from normal in color and consistency to that which is a lighter color and 
somewhat scaly. Shape of the fully developed galls is roughly globoid, 
with the equator averaging a third larger than the smallest meridian ad- 
jacent to the base. Occasionally the galls merge into one another and 
form a continuous ridge (Fig. 1, F and H). Characteristic of the causal 
dodder, whose zone of haustorial formation is generally limited to four 
circumnutations of the stem, these galls are rarely to be found with more 
than four decks per stem section. Most affected stems have eight galls 
per spiral revolution. 

In orange (Citrus sinensis (l.) Osbeck) and grapefruit (Citrus para- 
disi Macf.), parasitism of the same species of dodder does not lead to any 
appreciable overgrowth, and symptoms are limited to craterlike processes 


similar to those shown in figure 1, A and B. 
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Approximately half of the twigs on a quarter of the lime tree worst 
affected showed these galls. Seven typical twigs were singled out for 
measurement and counting: these totaled 85 in. in leneth and bore 163 
galls similar to those shown in figure 1, C, G, and H. 

Histologic symptoms.—Cross sections of the older galls reveal a hyper- 
trophy of the tissues overlying the cortex, and in the oldest galls no longer 
harboring the dodder, conical plugs of resinous material pierce the tumors 
to the cortex. Young galls, still the seat of active haustorization, show the 
intermingling of cell elements typical of dodder-suscept relationships. 


ETIOLOGY 


Tumor production of dodder has been reported in the past. Dean (1) 
lists 28 species of plants, none of them citrus, as being gall-forming hosts 
to one or more of five species of Cuscuta. Stout (9) describes a swelling 
of olive caused by Cuscuta indecora, and Graham (5) mentions galls 1 in. 
in diameter on the stems of Hibiscus and attributes them to the dodder 
Cuscuta reflera. Faweett (2), in the second illustration of his book on 
citrus diseases, shows two tubercles on a sour orange seedling, but makes 
no further comment other than to point out in the caption the gall-like 
swellings which he states are a later effect of previous dodder infection. 

The dodder found in constant association with early stages of gall for- 
mation was Cuscuta americana L.2 When haustorium-producing coils en- 
circling the twigs were removed, craters appeared of a form and color 
already described. Dodder was found issuing from small and medium 
galls pictured in figure 1, B, but not from larger galls the size of those 
in figure 1, C to H. 

Sections of gall tissue were examined microscopically and only in the 
younger galls were there to be seen any extracellular components—and 
these were but of the haustoria themselves. Older tumors (cf. figure 1, 
C to H) showed only plugs of resinous material in a matrix of hyper- 
trophied twig-cell elements. No microorganisms were found in the galls 
regardless of their age. 

While no inoculation tests with the dodder have been made, it does 
appear that gall production in this case is not so much a result of initial 
penetration of haustoria as of the periodic tearing out of aerial parts of 
the vine and the consequent metabolic acceleration that is involved in the 


vine’s repeated attempts at restoration. 


IMPORTANCE 
The consequences of such dodder galls are twofold. First, they cause a 
distortion which, if the apical growth region is affected, leads to a stunted 
development of new wood (Fig. 1, D, E, and F). Second, and more im- 
portant, these galls, particularly in their younger stages, are the seat of 
haustoria that have the ability to regenerate aerial dodder even after all 


- Determined through the courtesy of Dr. T. G. Yuncker, DePauw University. 
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external vines have been stripped from the tree. Through renewal of 
growth in such a manner the dodder in this particular grove has survived 
all efforts at eradication over the past five years, even when recurring 
vine growth was cleaned out every 10 to 20 days throughout the rainy sea- 
son. Figure 2, A, shows the amount of aerial dodder developing in 11 
days after previous growth had been removed from the tree and the point 
of dodder attachment had been scraped by fingernail so that it was flush 
with the bark of the twig. Commercial removal of dodder, such as that 
obtained when the crew ‘‘cleaned up’’ a tree, resulted within 20 days in 


the amount of aer al dodder shown in figure 2. B. 





2. <A. Amount of aerial dodder developed in 11 days after previous growth 


Fic. 2 
had been removed from tree and point of dodder attachment had been scraped by 
fingernail flush with bark of twig. B. Twenty-day-old regrowth of dodder after com- 


mercial eradication by labor crew, 


These infective tumors, capable of regenerating aerial dodder from 
haustorial fragments, have been noticed only on Tahiti lime, and have 
not to date been found on some 70 orange and grapefruit trees infected 
by the same dodder. This observation is in agreement with the experi- 
ence of growers who report the possibility of eradicating dodder by hand 


completely from orange and grapefruit trees, but not from lime. 


CONTROL 


Every 20 days throughout the rainy season, from June to October, a 


crew of laborers spends a day in this grove eradicating dodder which has 


grown since the last removal. This has been going on for the past five 
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years, and according to the caretaker, the infestation appears to be getting 
worse. ‘The removal is being done carefully, even down to the rubbing off 
of the tenacious haustorial coils, but the submerged haustoria are negating 
all such attempts at control. Obviously a better method of eradicating 
this infection would be to prune out the infected wood or to cut back 
the tree and, since Cuscuta americana can reproduce by seed, to cultivate 
the ground underneath so as to preclude reinfection by next spring’s 
seedlings. 


SUMMARY 


A gall of the branches of Tahiti lime, similar to that caused by Sphae- 
ropsis tumefaciens, is described and its formation attributed to Cuscuta 
americana L. Sueh dodder galls lead to a stunting of twig growth and 
are the seat of haustoria that remain to regenerate aerial vines after the 
dodder has ostensibly been eradicated. Control of dodder in limes necessi- 
tates the pruning out of infected wood or the hatracking of the tree. 

Cirrus EXPERIMENT STATION 

UNIVERSITY OF FLORIDA 
LAKE ALFRED, FLORIDA 
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STUDIES ON VARIABILITY OF SCLEROTINIA FRUCTICOLA 
(WINT.) REHM? 


K. S. THIND AND G. W. KEIT? 
(Accepted for publication April 20, 1949) 
INTRODUCTION 


Within recent years it has been increasingly apparent that certain types 
of phytopathogenic fungi offer very favorable material for genetic and 
physiological studies relating to basic problems of parasitism and disease 
resistance (4, 10). Sclerotinia fructicola (Wint.) Rehm, the common 
brown rot fungus of stone fruits in North America, seems to have potential 
suitability for such work; but, in spite of a substantial amount of valuable 
research on this organism, there are still important gaps in the knowledge 
of its cycle of development. From the available literature it would appear 
probable that combinations and segregations of genetic factors oceur in the 
development of its ascigerous stage, but the evidence on this important 
point is meager and methods for experimental crossing of isolates of the 
fungus are lacking. The chief purposes of the present investigation were 
to contribute to the knowledge of the cycle of development of this pathogen 
and to explore some possibilities of its being suitable for basic studies. A 
portion of the work dealing primarily with nutrition of the fungus is re- 
served for publication elsewhere. 

Variations within the American species of brown rot fungus of stone 
fruits were reported by Reade (6), but he stated that these differences 
disappeared when the strains were cultured under uniform conditions. 
Ezekiel (3) showed conclusively that strains of Sclerotinia americana 
(Wormald) Norton and Ezekiel (Syn: Sclerotinia fructicola (Wint.) 
Rehm) collected from Maryland and other parts of United States differ 
widely in their characteristics in culture or on rotting fruits and in oxidase 
production, size of conidia, efc., and that these are genetic variations 
rather than modifications due to environment. Ezekiel grouped more than 
30 strains of S. americana into 6 varieties differentiated by their habit of 
growth on potato-dextrose agar at 25° C. in tube cultures and at 15° C. in 
plate cultures. These varieties retained their differences under widely dif- 
ferent environments and after successive passages through artificial media 
and fruits. Similarly, Seal (8) distinguished at least two biologic forms 
of American Sclerotinia, as he calls it, which showed constant cultural dif- 
ferences when grown on various substrata and under different environ- 

me: Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. 

Grateful acknowledgments are made to Eugene Herrling for preparing the illus- 
trations and to Donald Cation, H. W. Anderson, and Folke Johnson for collections of 
apothecia of S. fructicola, 
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mental conditions. Roberts and Dunegan (7) also found cultural varia- 
tions within strains on different media. 

Sharvelle and Chen (9) observed that the 16 lines obtained from 2 asci 
of S. fructicola fell into 4 distinct groups on the basis of cultural charae- 
teristics, sensitivity to sulphur fungicides, and pathogenicity to apple fruits. 

Ezekiel (3) reported the behavior of different strains when seeded in 
eombinations of 2 per plate at different points in potato-dextrose-agar 
plates. He did not observe any macroscopic reaction where the 2 colonies 
grew together. On microscopic observation he noticed anastomosing of 


hyphae at the meeting line with some strains but not with others. 


METHODS OF ISOLATING ASCOSPORES AND HANDLING STOCK CULTURES 


The apothecial material employed was received from the States of Wash- 
ington, Illinois, and Michigan in April—May, 1947. Eight ascospores from 
an ascus were isolated in the order of their linear arrangement in the ascus 
by the technique employed by Keitt and Langford (4). In addition, an- 
other procedure was followed with good success. <Asci of suitable maturity, 
when placed on 4 per cent agar plates, discharged 8 ascospores together in 
a linear mass without, in a majority of cases, disturbing the order of their 
linear arrangement in the ascus. The 8 spores from an ascus were then 
separated, in the order of their linear arrangement in the ascus, with the 
use of a glass micro-needle. This procedure was followed only in cases in 
which the linear arrangement of the discharged spores was clearly main- 
tained. 

The 8 ascospores isolated from an ascus were arranged in serial order 
on a water-agar plate and their positions marked by making a scratch in 
the agar opposite each ascospore. The plate was then incubated at 20° C. 
for germination of the spores. When all the 8 spores had germinated, a 
cut in the agar was made around each. The agar blocks with germinated 
spores were placed on a potato-dextrose-agar (extract from 200 gm. potato, 
20 gm. dextrose, 17 gm. agar, distilled water to make 1 liter) plate so that 
ascospore number 1 was in the center with the other 7 surrounding it in 
serial order. If one or more of the 8 spores failed to germinate, the whole 
ascosporic set was rejected. 

On the second or third day when all the 8 monoascosporic lines were 
visible, triplicate transfers were made from each to potato-dextrose-agar 
slants which were incubated at the same temperature. Four-day-old cul- 
tures in these slants were covered with sterilized mineral oil and stored in 
a refrigerator at 4° C. for stock cultures. The latter were renewed every 
4 months 

Complete ascosporic sets were isolated from 36 asci from the various 
apothecia as follows: 2 sets from 2 apothecia from Washington, 16 sets 
from 15 apothecia from Illinois, and 18 sets from 12 apothecia from Michi- 


van. 
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The 8 ascospores from any ascus and the monoascosporic lines derived 
from them were given the serial numbers I... VIII, according to the order 
of linear arrangement of the spores in the ascus, beginning at the apex. 
The 36 asci and the 36 ascosporic sets derived from them were given the 


serial numbers 1... 36. 


BEHAVIOR OF ASCOSPORIC SETS IN COMBINATION 


The 8 monoascosporic lines from each of the 36 asci were seeded in a 
potato-dextrose-agar plate as described above, incubated at 24° C., and 
examined every other day. After 4 to 6 days of incubation the 8 mono- 
ascosporic colonies in each case could be clearly grouped into 4 pairs on the 
basis of colony characters. Colonies of lines I and II, III and IV, V and 
VI, and VII and VIII, respectively, looked exactly alike and were desig- 
nated as members of the first, second, third, and fourth pairs. 

Along with the differentiation of monoascosporic colonies into pairs 
there began to appear a dark line wherever members of the different pairs 
were adjacent to each other, but never between the members of the same 
pair. In about 12 days of incubation these lines became darker and thicker. 
The thickness of the dark lines between different pairs was not always the 
same. In ascus 8 (Fig. 1, A) the lines between the first and fourth and the 
second and third pairs were much darker and thicker than those between 
the first and second, the first and third, and the third and fourth pairs. In 
some ascosporic sets double dark lines were formed between certain pairs 
and single dark lines between others. 

The 8 monoascosporic¢c lines of ascus 10 were selected to study further 
the formation of dark lines between these isolates. All 8 lines were seeded 
in each of 8 potato-dextrose-agar plates so that each line occupied the cen- 
tral position in one of the plates with the other 7 lines surrounding it. 
With this arrangement, each line was adjacent to each of the other 7 in a 
single plate, thus saving time and space. Each line was also seeded at 8 
similar positions in a single plate to see if dark lines would appear between 
colonies arising from one monoascosporic line. Potato-dextrose-agar plates 
were seeded in 3 replicates for each of the above combinations and incu- 
bated for 14 days at 25° C. Dark lines appeared wherever colonies from 
any 2 pairs were adjacent to each other, but never between 2 monoasco- 
sporie isolates of the same pair. No dark line was observed between 
colonies derived from isolates of any one monoascosporie line. Similar re- 
sults were obtained when 8 monoascosporic lines from each of the asci 1, 8, 
and 17 were seeded in the same way as those of ascus 10. 

The 8 monoascospori¢ lines from each of the asci 8 and 10 were also 
seeded in all possible combinations of two in potato-dextrose-agar plates to 
study their interaction in more detail. The 2 lines were seeded at 2 oppo- 
site points towards the periphery of the plates, so that the colonies formed 
by them were adjacent to each other in the middle of the plate. The seeded 
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and single to broad, very dark, and double. No dark line was formed when 
2 monoascosporie lines from the same pair were adjacent to each other. 

It is noteworthy that no two pairs, out of the 144 pairs isolated from 36 
asci, were exactly alike as judged by macroscopic examination; only the 
members of a pair were alike in all cultural characteristics. This observa- 
tion led to a study of the behavior of monoascosporic lines from different 
asci in various combinations. The 8 lines of ascus 10 were seeded singly 
in the center of potato-dextrose-agar plates and each was surrounded by the 
8 monoascosporic lines of aseus 8. After 10 days of incubation at 24° C. 
each of the 8 lines of aseus 10 was delimited from all the surrounding 8 
lines of aseus 8 by dark border lines. Like results were obtained when the 
monoascosporice lines of ascus 10 were seeded similarly with the lines from 
asci 1, 17, and 25, respectively. Another experiment was set up, in which 
each of the 4 monoascosporie lines from the 4 different pairs of ascus 10 was 
seeded in the center of a potato-dextrose-agar plate and each was sur- 
rounded by 4 lines from the 4 different pairs of asci 1 and 8, respectively. 
This procedure reduced the number of monoascosporic lines in one plate 
from 9 to 5 and was well suited for the purpose of taking photographs. 
The results obtained were the same as before (Fig. 1, B-E). 


MORPHOLOGY OF DARK LINES 


On microscopic observation it was found that the fungus produced 
abundant microconidia on the surface of dark lines. The mycelium in the 
dark line was brown, very fine and threadlike, and very much clustered 
and intertwined. The whole structure showed similarity to the sclerotial 
erust formed by the fungus in older cultures. Microconidia were produced 
on the dark lines as soon as the latter became visible, 7.¢e., in about 8 days 
at 24° C. 

Colonies of monoascosporic lines produced microconidia and formed 


sclerotial crust much later. 


BEHAVIOR OF MONOASCOSPORIC LINES WHEN PLATED SINGLY 
AT DIFFERENT TEMPERATURES 


[It was found that the cultural details of the monoascosporie lines could 
be followed better when the lines were plated singly. All the 36 sets were 
thus plated in 3 replications on potato-dextrose agar at various tempera- 
tures. The behavior of cultures was examined every other day, and the 
details of colony characters of some representative types were recorded at 
the same intervals. In each set the 8 monoascosporic lines could be dis- 
tinctly differentiated into 4 pairs on the basis of colony characters such as 
size, color, zonation, margin, amounts of mycelium and conidia produeed, 
and pigmentation formed by the submerged mycelium. The colonies of the 
same pair looked exactly alike but differed from those of the other 3 pairs 
of the same set on the basis of the above cultural characters (Fig. 2, A, B, 








PIAA OOCIT 


626 


PHYTOPATHOLOGY 





Fic. 2. Differentiation of the 8 monoascosporic isolates I-VIII from ascus 17 on 


potato de x Ttrose 


of 


incubation at 


incubatio1 


at 


Ae; 


agar into 4 pairs on the basis of colony characters: 
8° C.; B, after 12 days of incubation at 12°C.; C, 


C. 


A, after 19 days 


after 10 days of 

















1949 | THIND AND KEITT: VARIABILITY IN SCLEROTINIA 627 


and ©). Likewise, colonies derived from a pair of any set differed from 
those derived from the rest of the 143 pairs of the 36 sets. The 4 pairs 
in most cases were clearly differentiated in 4 to 6 days at temperatures of 
16°, 20°, 24°, 28°, and 32° C., in 6 to 8 days at 12° C., and in 12 to 18 


days at 8° C. 
RATE OF GROWTH AND TEMPERATURE RELATIONS 


The 8 monoascosporic lines from each of the asci 1, 2, and 17 were 
plated singly in 3 replicates on nonacidified potato-dextrose agar (pH 5.6 
to 5.8) and incubated at 4°, 8°, 12°, 16°, 20°, 24°, 28°, 32°, and 36° C., re- 
spectively. Mycelial disks of equal size, cut with the same metallic ring, 
were used for inoculum. Cultural characters and colony diameter were 
recorded every other day for 6 days. Growth at 4° C. was negligible or 
extremely slow. The 8 monoascosporic¢ lines of ascus 17, left at 4° C. for 
3 months, filled only one-quarter to one-half of the plates, but they could 
be clearly differentiated into 4 pairs. All lines from the 3 asci showed 
maximum growth at 24° C. Sectoring of most of the lines from the 3 asci 
was very frequent at 32° C., and the 8 lines from an ascus could not always 
be differentiated into 4 pairs at that temperature. None of the lines 
showed any growth at 36° C. The 8 lines from each of the 3 asci could be 
clearly differentiated into 4 pairs at 8°, 12°, 16°, 20°, 24°, and 28° C., al- 
though at certain temperatures the differentiation was more prominent 
than at others. 

The rate of growth for the 8 lines from each of the 3 asci increased pro- 
gressively from 8° to a maximum at 24° C., and then fell at higher tem- 
peratures. It would oceupy too much space to record the rate of growth 
of the 8 lines from each of the 3 asci at all the temperatures studied. There- 
fore, the rate of growth of 8 lines from asci 1, 2, and 17, respectively, is 
represented graphically only at its maximum level at 24° C. (Fig. 3). The 
8 lines in each of asci 1, 2, and 17 are represented in 4 pairs since the mem- 
bers of each pair showed about the same rate of growth. The 4 pairs from 
ascus 1 showed nearly the same rate of growth while those from asci 2 and 
17 had quite different growth rates. The rate of growth of the 4 pairs from 
ascus 2 was in the order of fourth> first> second> third. It should be 
noted, however, that the first and the second pairs had nearly the same rate 
of growth. In ascus 17 the rate of growth of the 4 pairs was in the order 
of first > third > second > fourth. On the whole the rate of growth for the 
3 asci was in the order of 17> 1>2. 

The above distinctions of the rate of growth of the pairs from the same 
ascus, as well as the averages per ascus for the 3 asci, held true, to a 
greater or less extent, at all the temperatures studied. 

The data on the 6 days of growth of the 8 monoascosporie lines of each 
of the asci 1, 2, and 17, over the whole range of temperatures studied, are 
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summarized graphically in figure 4. The 8 lines of each of these asci are 


represented in 4 pairs since the members of each pair showed about the 


same amount of growth. As shown in the graphs, the growth was zero at 
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4° and 36°, while it increased progressively from 8° to 24° C., and then 
fell at 28° and 32° C. The distinctions as regards the amount of growth 
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within pairs from the same ascus as well as among pairs from the 3 asci 
correspond closely to those concerning the rate of growth at each tempera- 
ture and so need not be repeated here. The minima, optima, and maxima 
of temperatures for growth of all the lines from the 3 asci lie near 4°, 24°, 
and 36° C., respectively. This is in close agreement with the results ob- 


tained by earlier workers on various strains of S. fructicola (1, 3). 
RELATIONS OF HYDROGEN-ION CONCENTRATION 


The effect of hydrogen-ion concentration on the growth of the 8 mono- 
ascosporic lines of ascus 10 was determined on potato-dextrose agar ad- 
justed, after autoclaving, to a pH range of 1.5, 2.0, 2.5, 3.0, 4.0, 5.0, 6.0, 
7.0, 7.5, 8.0, 8.5, 9.0, and 10.0. The pH ranges of 1.5 to 5.0 and 6.0 to 10.0 
were adjusted with hydrochloric acid and potassium hydroxide, respectively. 
The above figures represent the hydrogen-ion concentrations checked after 
the potato-dextrose agar was solidified in poured plates. The 8 lines were 
seeded in 3 replicates with mycelial disks of equal size and incubated at 
24° C. for 6 days. The cultural characteristics and the colony diameter 
were recorded every other day. At the end of 6 days of incubation the 
final pH was determined for each replicate with a Beckman pH meter. 
The whole colony along with the medium under it was crushed in a beaker 
with a small amount of distilled water and the pH determined. The data 
on the 6 days of growth in terms of colony diameter and the final pH ob- 
tained at each pH studied are summarized in table 1. The data on the 6 
days of growth are also represented graphically in figure 5. The 8 mono- 
ascosporic lines are represented in 4 pairs in figure 5, since members of 
each pair had almost the same amount of growth, as shown in table 1. There 
was no growth at pH 1.5 and 10.0, while it was very shght at pH 9.0. The 
growth of all the monoascosporic lines increased progressively from pH 2.0 
to 4.0, leveled off up to pH 5.0, and then fell at higher hydrogen-ion con- 
centrations. The slope of the curves is very steep from pH 2.0 to 4.0 and 
again from pH 7.0 to 9.0, while it is rather gradual from pH 5.0 to 7.0. 
The growth of all monoascosporie lines was maximum in the pH range of 
4.0 to 5.0. 

The data on final pH in table 1 indicate that pH always shifts-to the 
acid side for all initial hydrogen-ion concentrations except 2.0, 2.5, and 
3.0, which did not change after 6 days’ growth. This shows that the growth 
of all monoascosporic lines makes the medium more acidic. 

The 8 monoascosporic lines could be clearly differentiated into 4 pairs 
over the whole range of pH from 2.0 to 9.0 on the basis of amount of growth 
and pl changes induced. Members of each pair gave almost the same 
amount of growth and the same final pH but differed from those of the 
other 3 pairs in those respects. The order of the amount of growth and 
the changes in pH produced by the 4 pairs was not the same, however, at 
all hydrogen-ion concentrations. The order of the amount of growth of the 


4 pairs depended upon the pH used. 
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Apart from the amounts of growth produced, the 8 lines of ascus 10 
could be clearly differentiated into 4 pairs at the whole range of pH 2.0 to 
9.0 on the basis of other colony characters. 

DISCUSSION 

Roberts and Dunegan (7) reported that the monostichous arrangement 
of the ascospores in the asci of S. fructicola becomes irregular just before 
the spores are discharged. However, the observations made in the present 
studies indicate that while this is true of some asci it is not a rule for all of 
them. In the majority of the cases observed the monostichous arrangement 
of ascospores was retained not only just before their discharge but even 
after they were actually discharged. Advantage was taken of this phe- 
nomenon to devise a method to isolate ascospores in the order of their linear 
arrangement in the ascus after they are discharged. The method is con- 
venient and well adapted for the asci of S. fructicola. 

The 8 monoascosporic lines from each of the 36 asci studied were dif- 
ferentiated into 4 distinct pairs on the basis of colony characters. Further- 
more, it was shown, on the basis of the same characters, that each pair is 
differentiated not only from the other 3 pairs of the same ascus but also 
from all the 140 pairs of the remaining 35 asci. The cultural differences 
between pairs were maintained throughout the present studies. 

All the 36 monoascosporic sets gave 4 pairs in the same sequence, /.€., 
ascosporic lines I and II formed the first, II] and IV the second, V and 
VI the third, and VII and VIII the fourth pair. In this respect S. fructi- 
cola seems unusually well adapted for certain types of genetic work. 

Sharvelle and Chen (9) reported that the 16 lines obtained from 2 asci 
yielded 4 distinet groups on the basis of cultural characteristics, sensitivity 
to sulphur fungicides, and pathogenicity on apple fruits. However, they 
did not report isolating the ascospores in the order of their linear arrange- 
ment in the ascus, which is considered a desirable procedure in order to 
follow the comparative cultural details of biotypes. 

The 8 monoascosporic lines from each of the 36 asci were further dif- 
ferentiated into 4 distinct pairs on the basis of the dark lines, which ap- 
peared only between pairs but never between members of the same pair. 
[t was demonstrated with reference to asci 1, 8, 10, and 17 that dark lines 
were formed between any pairs of the same ascus. <A dark line was also 
formed wherever any pair from ascus 10 was adjacent to any pair from 
any of the asci 1, 8, 17, and 25. There was a great variation in the pattern 
of dark lines between different pairs, indicating that pairs differed from one 
another as regards this response. 

The mycelium of the dark lines looks sclerotial in character and pro- 
duces abundant microconidia. It should be remarked here that the forma- 


tion of sclerotial bodies precedes the development of apothecia in 8S. fructi- 


cola and other species of the genus. Moreover, Drayton (2) has demon- 
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strated in the case of S. gladioli that the microconidia are functional male 
organs. 

Ezekiel (3) seeded different strains of the Sclerotinias he worked with 
in pairs on potato-dextrose-agar plates and looked for evidences of reaction 
between strains at the junction of the colonies. He did not report oceur- 
rence of dark lines. It is possible that the cultural conditions he employed 
did not permit the development of the dark lines, or that he may have used 
isolates that would not react to give them. While some of the pairing was 
between different species, at least one pair seems to have been between 
strains of S. fructicola. 

Formation of dark lines between different strains has been described by 
different workers on various fungi and the phenomenon has been termed 
by many as aversion or inhibition. A brief review of the literature on 
aversion is given by Voorhees (11). Various workers have interpreted 
aversion as a result of physiological, chemical, or sexual response when 
2 different strains come into contact with each other. It is possible that the 
formation of the dark lines encountered in the present studies has some 
connection with a sexual cycle. However, the elucidation of this phenome- 
non must await the results of further investigation. 

The 8 monoascosporie lines of each ascus studied were clearly differen- 
tiated into 4 pairs on the basis of colony characters at all temperatures and 
hydrogen-ion concentrations that permitted their growth. However, at cer- 
tain temperatures and hydrogen-ion concentrations the differences between 
pairs were more marked than at others. Mader and Teller (5) reported 
that culturing Sclerotinia spp. on potato-dextrose agar at pu 3.1 to 3.7 
facilitated differentiation of cultural types. They also state that 5 asco- 
spores from a single ascus yielded 3 cultural types. They do not give the 
names of the species dealt with. 

Evidence fromrecolony characters, formation of dark lines, and hydrogen- 
ion and temperature relations is in agreement in showing that each ascus 
studied contained 4 genetically different biotypes. It is therefore con- 
cluded that segregation of genetic factors regularly occurs in the asci of 
S. fructicola and that genetic combinations and segregations incident to 
development of the apothecial stage are a major factor in heritable varia- 
tion in this pathogen. 

Attempts of the writers to produce the ascigerous stage of the fungus 
experimentally have thus far failed to yield positive results, but the time 
and opportunities for experimentation with monoascosporic isolates have 
been very limited. If satisfactory methods can be developed for breeding 
this pathogen experimentally, it would afford promising material for basic 


studies. 
SUMMARY 


Apothecial material of Sclerotinia fructicola (Wint.) Rehm was re- 
eeived from the States of Washington, Illinois, and Michigan and studies 


were made on the variability of numerous monoascosporie lines. 
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The 8 ascospores were isolated in the order of their linear arrangement 
in the ascus from each of 36 asci from 29 apothecia. 

The 8 monoascosporic lines from each of the 36 asci, when plated singly 
on potato-dextrose agar at 24° C., were differentiated into 4 distinct pairs 
on the basis of colony characters. Each pair was thus differentiated not 
only from the other 3 pairs of the same ascus but also from the 4 pairs 
derived from each of the other 35 asci. 

The 4 pairs from each of the asci 1, 2, and 17 were similarly differen- 
tiated clearly at all temperatures studied that permitted their growth (8 
to 32° C.). A temperature of 24° C. was found to be optimum for the 4 
pairs of each of these asci. 

The 4 pairs from ascus 10 were also differentiated clearly on the basis of 
colony characters at all hydrogen-ion concentrations studied that permitted 
growth (pli 2.0 to 9.0). A pl range of 4.0 to 5.0 was found to be optimum 
for the growth of these 4 pairs. 

The 8 monoascosporic isolates from each of the 36 asci when cultured in 
suitable arrangement in the same potato-dextrose-agar plate were also dif- 
ferentiated into 4 distinct pairs on the basis of the appearance of dark lines 
between pairs. 

It was demonstrated with reference to asci 1, 8, 10, and 17 that dark 
lines were formed between any 2 pairs of the same ascus. 

A dark line was also formed whenever any pair from ascus’!0 was 
adjacent to any pair from any of the asci 1, 8, 17, and 25. 

No dark line was ever found between the 2 members of one pair. 

Between some pairs there were formed double dark lines instead of a 
single one. Dark lines also varied from faint and narrow to very dark and 
very thick. 

The mycelium of the dark lines seems to be sclerotial in character and 
produces abundant microconidia. 

It is concluded that each monoascosporic pair was genetically different 
from all the other monoascosporic pairs whether derived from the same 
ascus or from the other asci studied. It is apparent, then, that segregation 
of genetic factors occurs in the asci of S. fructicola and that each aseus 
contains four biotypes. 

DEPARTMENT OF PLANT PATHOLOGY 

UNIVERSITY OF WISCONSIN 
MaApIsOoN, WISCONSIN 


LITERATURE CITED 


1. CALAVAN, E. C. Blossom and spur blight (Sclerotinia laxa) of sour cherry. Phyto- 
path, 38: 857-882. 1948. : 

2. Drayton, F. L. The sexual mechanism of Sclerotinia Gladioli. Mycologia 26: 
46-72. 1934. 

3. EzEKIEL, W. N. Fruit-rotting Sclerotinias. II. The American brown-rot fungi. 
Md. Agr. Exp. Sta. Bul. 271: 87-142. 1924. 

4. Keirt, G. W., and M. H. LANGrorp. Venturia inaequalis (Cke.) Wint. I. A 
groundwork for genetic studies. Amer. Jour. Bot. 28: 805-820. 1941, 








Yn 
050 


PHYTOPATHOLOGY | Vou. 39 

Maver, E. O., and M. N. Te.uer. Differentiation of cultural types of Sclerotinia 
spp. by means of hydrogen-ion concentration. (Abstr.) Phytopath. 37: 15. 
1947 

READE, J. M Preliminary notes on some species of Sclerotinia. Ann. Mycol. 6: 
109-115 1908, 

RoBerTs, J. W., and J. C. DUNEGAN, Peach brown rot. U.S. Dept. Agr. Tech. Bul. 
28 1932. 

SeaL. J. L Biologic specialization in Sclerotinia sp., the organism causing brown 


rot of fruits. Minn. Univ. Studies Biol. Sci. 5: 281-286. 1924. 


SHARVELLE, E. G., and SHAN-MING CHEN. Cultural variation in single ascospore 

isolates of Selerotinia fructicola (Wint.) Rehm from cherry plum hybrids. 
Abstr.) Phytopath, 33: 1118. 1943. 

STAKMAN, E. C. The need for research on the genetics of pathogenic organisms. 
In The Genetics of Pathogenic Organisms. A.A.A.S. Pub. 12: 9-17. Lan 
easter, Pa. 1940. 

VoorHeEsEs, R. K. Life history and taxonomy of the fungus Physalospora rhodina. 
Fla, Agr. Exp. Sta. Tech. Bul. 371. 1942. 

















RECOVERY OF PLANTS FROM DODDER LATENT MOSAIC 


Cc. W. BENNETT 
(Accepted for publication April 25, 1949) 
INTRODUCTION 


Complete or nearly complete recovery from primary symptoms of virus 
disease in plants has been reported in several instances, notably with ring 
spot of tobacco (Nicotiana tabacum L.) (7), curly top of tobacco (2, 5, 6) 
and curly top of tomato (Lycopersicon esculentum Mill.) (3, 6). It has 
been reported more recently that most species and varieties of plants that 
show marked symptoms of dodder latent mosaic following infection, later 
completely recover from symptoms or show marked improvement (1). 

Dodder latent mosaic appears to possess certain characteristics of special 
value for studies of the recovery phenomenon. Among these characteristics 
may be noted (a) a rather wide host range permitting studies on plants 
widely separated botanically ; (b) host plants such as pokeweed (Phytolacca 
americana Li.) and celery (Apium graveolens L.) that pass through a series 
of changes in the process of recovery involving necrosis or intense chlorosis 
followed by leaf spotting or mottling; and (¢) ability of the causal virus to 
produce local lesions on pokeweed, thus providing a means by which relative 
virus concentrations may be estimated with greater ease and accuracy. 

This paper reports results of further studies on recovery of plants from 
symptoms of dodder latent mosaic and on some of the changes in virus con- 
centration associated with injury and recovery. 


MATERIALS AND METHODS 


The species of plants used in studies of recovery from dodder latent 
mosaic include sugar beet (Beta vulgaris L.), pokeweed, cantaloupe (Cu- 
cumis melo L., var. Rocky Ford), celery, tomato, and potato (Solanum 
tuberosum 1..), all of which show marked symptoms at first. Certain other 
species were used, on which only mild symptoms or none at all were observed, 
but which are known to carry the virus. 

Tests of virus concentration were made by the primary lesion method on 
pokeweed. Test plants were first sprinkled with an abrasive and then inoc- 
ulated by passing a cloth pad saturated with inoculum lightly over the sur- 
face of each leaf three times after which the leaves were washed with a light 
spray of water. All of the mature leaves of each plant were inoculated and 
the lesions on 3 leaves, usually but not always consecutive, showing the 
greatest number of lesions were counted on each plant. In making deter- 
minations of comparative virus concentrations of two virus samples the half- 
leaf method was used and four plants were inoculated with each sample in 
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each test. The inoculations were made in such a manner as to give equal 
representation to each of the two samples with respect to relative time of 
inoculation into the leaf and the side of the leaf into which the inoculum was 
introduced. 

GENERAL PATTERN OF RECOVERY 

The pattern of recovery, in general, is more or less similar with all of the 
species of plants studied, but certain minor variations are evident. On 
sugar beet, first symptoms usually consist of circular yellow spots sometimes 
so closely spaced as to cause vellowing of much of the leaf surface. Spotting 
and vellowing are accompanied by a certain amount of distortion and 
dwarfing. As the plants grow, symptoms become progressively milder on 
the younger leaves and after the production of four to eight leaves with 
symptoms the new growth is normal in appearance. 

Severe necrosis is an early symptom on rapidly growing pokeweed plants. 
This usually appears first on the base of one leaf, and the next younger leaf 
may be killed. Necrosis appears on two or three other leaves, becoming 
progressively less severe until it grades into mottling which appears on three 
or more leaves. Later growth is normal or nearly so. 

On Golden Self Blanching celery, usually a half-grown leaf begins to 
show chlorosis extending outward into the leaflets from the midrib. The 
next leaf may be almost completely chlorotic and then the plant passes into 
a condition in which the chlorosis grades into mottling in two or three leaves 
that are much stunted and crinkled. Leaves produced later are normal in 
size and in general appearance. 

On Rocky Ford cantaloupe early symptoms consist of necrotic and 
chlorotic spots along the veins. Often the affected leaves are crinkled and 
spotted and of less than half normal size. After the production of three to 
five such leaves the plant begins to recover and passes into a chronic stage 
in which the leaves are smaller than those on noninfected plants and have 
chlorotic spots about 2 mm. in diameter that may become necrotic in the 


centers as tne leaf becomes older. 


RECOVERED PLANTS UNAFFECTED BY REINOCULATION 


Plat tS re covered from the effects ot dodder latent mosaic virus do not 
produce additional symptoms following a second inoculation. This has 
been shown in tests of sugar beet, Golden Self Blanching celery, and poke- 
weed, in which recovered plants were inoculated by means of Cuscuta cali- 
fornica Choisy and C. campestris Yuncker. All recovered plants inoculated 
in this manner remained free of symptoms. 

Tests were made also with the primary lesion technique on pokeweed. 
Leaves on recovered pokeweed plants failed to produce primary lesions fol- 
lowing juice inoculation by the rubbing method; whereas leaves of the same 
size and age on healthy plants produced many lesions on each inoculated 
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RELATIVE CONCENTRATION OF VIRUS IN RECOVERED AND 
RECENTLY INFECTED PLANTS 


Sugar beet, celery, pokeweed, tomato, cantaloupe, and potato were 
selected for comparison of virus concentration in recently infected and 
recovered individuals. With the exception of cantaloupe, all of these plants 
almost completely recover from symptoms. Plants of each kind were inocu- 
lated and retained until new growth with a maximum degree of recovery 
was produced. Young leaves or shoots from these recovered plants were 
selected and their virus content compared with that in severely affected 
leaves or shoots of plants of the same age but more recently infected. 

The results of three series of tests of each of these species of plants are 


shown in table 1. Without exception virus concentrations found in recov- 


Relative concentrations of dodder latent mosaic virus in recovered and 


TABLE 1. 


recently infected plants of the same species, as indicated by local lesion counts on poke- 


weed 

Average number of lesions per Average number of lesions per 

half leaf produced with juice half leaf produced with juice 

from recovered plants in test from recently infected plants 
Plant tested : ae: i ! 

No. in test No. 
l 2 } l 2 3 

Sugar beet 2.3 1.1 1.8 26.7 27.0 16.0 
Celery 0.1 Be 0.3 37.2 97.3 34.9 
Pokeweed Be 1.2 1.4 30.9 34.6 50.5 
Tomato 0.1 0.7 1.0 27.1 72.2 73.5 
Cantaloupe 0.3 1.0 0.6 92.7 18.2 95.4 
Potato 2 6 & 37 31.2 16.1 °6.5 


a Tests were made with plants showing chronic symptoms and with recently infected 
plants showing necrosis and leaf crinkling. 


ered plants were very low compared with those in the diseased portions of 


more recently infected plants showing severe symptoms. 


CONCENTRATION OF VIRUS IN SYMPTOMLESS CARRIERS 


Certain plants, particularly Turkish tobacco, Nicotiana rustica L., N. 
glauca R. Grah., N. glutinosa L., Brassica adpressa (Moench) Boiss., and 
Cuscuta californica, have been found to carry the virus of dodder latent 
mosaic over long periods but no symptoms of disease have been observed on 
any of these plants except on some plants of Nicotiana glutinosa on which 
a type of vein clearing oceurred. 

Several tests were made to determine relative concentrations of virus in 
plants of each of these species. The results of three representative tests 
in which virus concentration was compared with that in recently infected 
pokeweed are shown in table 2. 

These results indicate that the concentrations of virus in plants of these 


species were very low, even somewhat lower than those in the recovered 
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plants shown in table 1. In fact, no virus was demonstrated to be present 
in certain plants of some of the species by the local-lesion technique. How- 
ever, in all cases virus was transmissible readily from such plants to poke- 


weed by means of Cuscuta californica. 


ABLE 2 Relative concentrations of virus in rece ntly infected pokeweed plants 
and in plants of species that are symptomless carriers, as indicated by local lesion counts 


nn pe he, weed 


Average number of lesions per 


ss ; Average number of lesions per 
halfleaf on plants inoculated sy 


halfleaf on plants inoculated 


with juice from _ indicated . “pe t 3 
Svmptomless carrier ae mptomless carrier n test with yulce from recently in- 
sted N fected pokeweed in test No. 
No. 
l 2 3 l 2 ; | 
Vicotiana glaucaa 0.0 0.0 0.0 54.1 if 3 15.8 
Vicotia 1 tabac m, 
var. Turkish 0.0 0.1 1.0 11.1 63.5 18.1 
Vicotiana alutinosat 0 0.3 0.0 29.7 56.2 14.9 
Vicotiana stica 0.0 0.2 0.1 17.5 28.7 21.0 
Brassica adpressa 0.5 0.1 0.2 38.1 22.2 11.0 
Cuscuta californica 0.4 1.4 0.0 21.8 50.5 $5.8 
Virus was later transmitted from these plants to pokeweed by means of Cuscuta 
ca 1 
S e infected plants of this species siowed vein chlorosis, others did not. Plants 
showing no s\ mptoms were used in these tests. 


Plants used in these tests had been infected more than three weeks and, 
therefore, the concentrations of virus determined were those reached after 
periods long enough to permit recovery in plants of more susceptible species. 
Since plants of these species have been infected only by means of dodder 
and appear to be immune from or very resistant to infection by juice imocu- 
lation, the exact time of entrance of the virus into inoculated plants is diffi- 


cult to determine. This interferes somewhat with the studies of fluetuation 


TABLI Fluctuations in virus concentrations in Cuscuta campestris following 
pokeweed plants on which it was growing 
\verage number of local lesions per half leaf produced by juice from dodder 


licated number of days after inoculation of the pokeweed plants on which 


No the dodder was growing 
5 10) 12 14 16 1s 20) oe 4 26 2s 0 2 4 
0) ) 14 if ] 10 13 12 ; ; ; 0 0 j 
7 6 t 28 25 } t ) ) 2 t H l 2 
0 l 19 18 21 ) } 2 t } 2 3 ] 
. 5 17 a a4 9 12 } 2 2 } l 4 2 | 


of virus concentration in inoculated plants after infection. However, Cus- 
cuta campestris is a host of the virus and since it grows well on pokeweed, a 
plant which is susceptible to infection by juice inoculation, it was utilized 


for a study of fluctuations in virus concentration in a symptomless carrier. 
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In making these tests seedling plants of Cuscuta campestris were estab- 
lished on small plants of pokeweed. After the pokeweed plants had reached 
a height of 6 to 8 in. and the dodder was growing vigorously they were in- 
oculated with dodder latent mosaic virus by rubbing inoculum over the sur- 
faces of the leaves. Systemic infection began to appear on the pokeweed 
plants usually in 8 to 10 days. Beginning with the sixth day after inocula- 
tion, dodder was removed from the inoculated plants and tested at intervals 
of 2 days over a period of 28 days for relative amount of virus present in 
the expressed sap as indicated by local lesions produced by juice inoculated 
into pokeweed. 

The results of four tests, shown in table 3, indicate rather clearly that 
virus concentration increased rapidly in Cuscuta campestris following infec- 
tion. The concentration remained at a high level a relatively short time 
and then declined to a lower level at which it appeared to be maintained. 
These fluctuations probably follow more or less closely those that occur in 
the pokeweed plants on which the dodder was growing. It does not seem 
likely, however, that virus concentration in dodder would be greatly influ- 
enced by that in the pokeweed. Evidence indicates that in all cases where 
high concentrations of any virus of the mosaic-producing type occurs in 
dodder it is due to multiplication in dodder rather than to movement from 
the host plant into dodder. It seems probable, therefore, that the concen- 
trations of virus present in dodder in this case were largely those produced 
by multiplication in the dodder. Since no symptoms were observed in 
dodder plants that gave evidence of containing virus concentration of the 
same order as those in plants of other species that showed symptoms and 
then recovered, it seems probable that Cuscuta campestris, and possibly 
other symptomless carriers, have greater tolerance of virus than do plants 
such as pokeweed in which symptoms are associated with high virus concen- 


trations. 


INCREASE OF VIRUS OF DODDER LATENT MOSAIC IN THE PRESENCE OF THE 
VIRUSES OF TOBACCO ETCH AND TOBACCO MOSAIC 


After preliminary tests indicated that the addition of the virus of tobacco 
etch to tomato plants (var. Riverside) infected with dodder latent mosaic 
resulted in considerable additional stunting, studies were made to determine 
the effect of combinations of the two viruses on the plant and on concentra- 
tions of virus present. In each of a series of tests, 10 plants were inoculated 
with dodder latent mosaie virus, 10 with dodder latent mosaic virus plus 
tobacco etch virus, and 10 with tobacco etch virus. All inoculations were 
made by means of Cuscuta californica when the plants were about 10 em. 
tall. 

The plants inoculated with dodder latent mosaic virus usually became 


diseased after 8 to 12 days. Necrotic spots were produced on 2 to 5 young 


leaves and then the plants recovered and produced no symptoms on subse- 
quent growth (Fig. 1, A). Plants inoculated with tobacco etch virus showed 
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symptoms usually in about 10 to 14 days. Young leaves had a coarse pat- 
tern of mottling and leaves were slightly cupped and curled or twisted but 
not reduced in size (Fig. 1, C). Plants inoculated with both viruses usually 





Fic. 1. Tomato plants inoculated with viruses causing dodder latent mosaic and 
tobaceo etch: A, dodder latent mosaie virus alone; B, both dodder latent mosaic virus 
and tobacco etch virus; C, tobacco etch virus alone. All inoculations were made at the 


same time and when the plants were about 10 em. tall. Plants A and C were about 90 
em. tall when photographed. 
produced 4 to 6 leaves severely affected by necrosis. Subsequent growth 
was much dwarfed, leaves were mottled, curled and twisted, and usually 
had varying numbers of small necrotic spots. Plants grew to about half 
normal size (Fig. 1, B). 

In a second series of tests, plants completely recovered from symptoms 
of dodder latent mosaic were inoculated with the virus of tobacco etch and 
plants with well defined symptoms of tobacco etch were inoculated with the 
virus of dodder latent mosaic. In both cases the plants developed marked 
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symptoms of dodder latent mosaic after the second inoculation. Neecrotic 
spots were produced on young leaves, some leaflets died, and the leaves be- 
came more conspicuously mottled, curled, and dwarfed. As the plants 
continued to grow necrosis became less evident, usually being limited to 
small inconspicuous spots, but the plants were dwarfed to about half nor- 
mal size. Thus the severe effects due to the combination of viruses were 
produced regardless of which virus was introduced first. 

Tests similar to those already described with the viruses of dodder latent 
mosaic and tobacco etch were made in which the virus of tobacco mosaic was 
substituted for tobacco etch virus. Inoculations with tobacco mosaic were 
made with juice from infected tobacco plants and those with dodder latent 
mosaic were made by means of Cuscuta californica. Results on tomato 
plants infected with both viruses were similar to those on plants infected 
with dodder latent mosaic and tobacco etch viruses except that leaves of 
plants containing tobacco mosaic virus showed more conspicuous mottling 
and a greater amount of deformity. As with the virus of tobacco etch, the 
introduction of the virus of tobacco mosaic into plants recovered from dod- 
der latent mosaic resulted in necrosis followed by a certain degree of re- 
covery but later growth was characterized by stunting, mottling, and defor- 
mities. 

After the infected tomato plants had made considerable growth follow- 
ing infection, tests were made to determine relative concentration of dodder 
latent mosaic virus in plants infected by this virus alone compared with 
plants infected by both dodder latent mosaic virus and tobacco etch virus. 
Table + shows the results obtained from 5 pairs of plants of one experiment 
selected as representative of results of all tests. As indicated, the con- 
centration of dodder latent mosaic virus appeared to be very low in all 
plants infected by this virus alone; whereas, the concentration in plants 
infected by both viruses was much higher. 

Tests were made also to determine the relative concentration of the 
virus of tobacco etch in plants infected by both viruses as compared with 
plants with tobacco etch alone. In these tests juice was taken from the 
two sources, diluted 1-100, 1-500, 1-1000, and 1-2000. Ten healthy 
Turkish tobacco plants were inoculated with each dilution in each test. 
Five pairs of infected tomato plants were tested. | Comparison of relative 
amount of infection obtained from the two virus sources did not indicate 
that the concentration of the tobacco etch virus was influenced by the pres- 
ence of dodder latent mosaic virus. 

Other tests were made to determine relative concentrations of dodder 
latent mosaic virus in plants infected by this virus alone and plants in- 
fected by dodder latent mosaic virus in combination with the virus of 
tobacco mosaic. Results of tests selected as representative are presented 
in table 4. These results show that the presence of the virus of tobacco 
mosaic in plants infected by dodder latent mosaic virus also resulted in a 


relatively large increase in the concentration level of the latter virus. 
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Tests were made also to determine whether the presence of the dodder 
latent mosaic virus in combination with tobacco mosaic virus resulted 
increase or decrease of the latter virus in the infected plants. Juice from 
plants with tobacco mosaic alone and juice from plants with both viruses 

TABLE 4.—Comparison of concentration of the virus of dodder latent mosaic in 


tomato plants with dodder latent mosaic alone, dodder latent mosaic plus tobacco etch, 
and dodder latent mosaic plus tobacco mosaic, by the local lesion method on pokeweed 


Average number of lesions produced per half leaf by dodder latent 
mosaic virus in juice from tomato plants infected with 


Tes 
numby ) ‘r late ) r late 
Dodder latent Dodde : latent Dodder latent odde: rneen 
mosale plus ae mosaic plus 
mosaie alone : mosaic alone - 
tobacco etch tobacco mosaie 
$.0 41.3 1.0 P85 
6.6 38.9 1.2 20.9 
1.8 23.3 0.3 14.8 
! 1.1 21.4 0.8 23.8 
5 2.1 37.3 0.5 22.7 


was diluted 1—100, 1—1,000, 1—10,000, and 1—100,000 and the concentration of 
virus in the respective dilutions of juice from the two sources compared by 
the half-leaf method on Nicotiana glutinosa. Results of these tests indicated 
that the presence of dodder latent mosaic virus in the plant had no influence 


on the concentration of the virus of tobacco mosaic. 


DISCUSSION 


It is evident that in the species and varieties of plants studied, recovery 
from dodder latent mosaic is associated with a marked reduction in con- 
centration of the causal virus in the recovered plant. This reduction ap- 
pears to be even greater than that found by Price (4) in plants recovered 
from tobacco ring spot. Associated with the mechanism of recovery in this 
case, therefore, is ability on the part of the plant to reduce appreciably or 
restrict virus increase following an initial period of rapid increase. 
Whether virus concentration falls to a level at which it is incapable 
producing serious injury or whether recovered plants actually acquire a 
resistance to disease by virtue of the production of antibodies or other 
protective substances is a question of considerable importance but one which 
has not yet been answered fully. 

Some of the results obtained with double infection on tomato appear to 
have a bearing on this point. When tomato plants, recovered from the 
efiects of dodder latent mosaic, were infected with the virus of tobacco etch 
or the virus of tobacco mosaic, the concentration of dodder latent mosaic 
virus increased and became established at new levels considerably higher 
than those in tomato plants with dodder latent mosaic alone. It is evident, 
therefore, that the introduction of the second virus caused a modification 
of the mechanism controlling concentration of dodder latent mosaic virus. 


It is significant that this modification and the subsequent increase in ¢con- 
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centration of dodder latent mosaic virus resulted in the reappearance of 
dodder latent mosaic symptoms in recovered plants and that marked symp- 
toms continued to be produced as long as the plants were retained. It 
seems clear from this result that the introduction of the second virus into 
the recovered tomato plant destroyed the ability of the recovered plant to 
continue to protect itself against dodder latent mosaic. If the original re- 
sistance which the plant possessed resulted from the presence of antibodies 
or other protective substances, it is evident that after the introduction of 
the second virus these protective substances were suppressed or destroyed, 
or for some other reason failed to protect. It seems more probable that 
recovery was due to other factors and that the recovered plants did not ac- 
quire resistance or ‘‘immunity’’ to virus action but escaped injury owing 
to the fact that only virus concentrations too low to produce injury were 
present in the recovered plants. This supports the view that the critical 
factor in recovery and ‘‘immunity”’ of this type is control of virus increase. 
It may be that ‘‘immunized’’ plants are no more resistant to virus action 
than noninoculated plants and that any condition that results in a further 
virus increase in an ‘‘immunized’’ plant may result in the production of 
injury. 
SUMMARY 

Several species and varieties of plants including sugar beet, celery, 
pokeweed, tomato, and potato, show marked symptoms of disease after in- 
fection with dodder latent mosaic virus but completely or almost completely 
recover from symptoms as the affected plants continue to grow. Several 
other species and varieties, including Nicotiana glauca, N. rustica, N. ta- 
bacum var. Turkish, Brassica adpressa, and Cuscuta spp. are hosts of the 
virus but show no recognizable symptoms of disease. 

Recovery was accompanied by marked reduction in virus concentration 
in the portions of the plant showing this recovery. Virus concentrations 
in svmptomless carriers infected for more than 3 weeks were very low com- 
pared with those in recently infected pokeweed plants. It was found, how- 
ever, that virus concentration reached a relatively high level in the symp- 
tomless carrier Cuscuta campestris a few days after infection and then 
receded to a relatively low level. 

When recovered tomato plants were inoculated with tobacco etch or 
tobacco mosaic virus, symptoms of dodder latent mosaic again appeared on 
the young leaves and the plants remained dwarfed and continued to show 
symptoms of dodder latent mosaic. The dwarfed condition resulted re- 
gardless of the sequence of introduction of the virus components of the 
mixture. The concentration of the virus of dodder latent mosaic in the 
dwarfed plants appeared to be established and maintained at new levels 
much higher than those in recovered plants affected by dodder latent mosaic 
alone. The presence of dodder latent mosaic virus, however, appeared to 


have no influence on the coneentrations of tobacco etch or tobacco mosaic 


virus. 
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The critical factor in recovery of plants from dodder latent mosaic 
appears to be restriction of virus to levels of concentration too low to pro- 
duce marked symptoms of disease; possibly any condition that results in 
increased virus concentration may result in increased injury. 

U.S. SuGAR PLANT FIELD LABORATORY 


RIVERSIDE, CALIFORNIA 
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INTRODUCTION 


This paper reports the principal results obtained in attempts to develop 
commercially acceptable tomatoes possessing satisfactory resistance to de- 
foliation caused by Septoria lycopersici Speg. In most years in the tomato 
canning acreages of the central states, Septoria leaf spot is the disease 
responsible for most severe defoliation, and in epidemic years it may cause 
a loss of 80 per cent of the foliage by early September. This degree of de- 
foliation not only greatly reduces the photosynthetic activity of the plants 
but results in a significant decrease in quality due to sun sealding. At- 
tempts to control the disease by the application of fungicides have not been 
impressive enough to be adopted by most commercial growers. Conse- 
quently, the development of resistant varieties would be desirable. 

The varieties Essary and Break O’Day were originally reported (4, 11) 
as possessing considerable resistance to Septoria leaf spot. Levin (6), 
Pritchard and Porte (10), Alexander et al. (2), Locke (8), and Andrus and 
Reynard (3) have demonstrated, however, that commercial varieties of to- 
matoes possess no significant degree of resistance. Certain species of 
Lycopersicon have been shown to possess resistance. Thus Wright (15) 
reported a highly resistant selection of L. peruvianum (li.) Mill. var. humi- 
fusum C. H. Mull., and Wright and Lincoln (16) reported that F, plants 
of a cross of Rutgers with a selection of L. hirsutum Humb. & Bonpl. P.I. 
126445 were highly resistant to Septoria leaf spot. Later reports by 
Alexander eft al. (2), Locke (8), and Andrus and Reynard (3) have shown 
that resistance to Septoria may be found in certain wild species of Lyco- 
persicon. Andrus and Reynard (3) have recently reported on the inheri- 
tance of resistance obtained from L. esculentum var. Targinnie Red, show- 
ing that resistance is inherited as a simple dominant. The actual source of 
resistance in Targinnie Red is uncertain but Andrus and Reynard indicate 
that it may have been introduced as a result of natural out-crossing. 


METHODS 


Heavy sporulation of Septoria lycopersici was obtained on potato-dex- 
trose agar. Eight-ounce prescription bottles containing about 25 cc. of 
agar were inoculated with a concentrated suspension of spores and incu- 
bated at room temperature (approximately 22° C.) for 2 to 3 weeks. 


1 Journal paper No. 386 of the Purdue University Agricultural Experiment Station, 
Contribution from the Department of Botany and Plant Pathology. 

2 Formerly Associate Geneticist; now, Microbiologist, Camp Detrick, Frederick, 
Maryland. 
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Only inoculum from freshly sporulating cultures gave dependable re- 
sults. Sporulating cultures were flooded with water and the surface was 
rubbed with a glass rod. The liquid was withdrawn and agitated in a 
Waring Blendor for three minutes, strained through cheese cloth, diluted, 
and applied to the plants by means of a compressed air atomizer similar to 
that described by Alexander (1). No attempt was made to standardize 
the dilution. In practice, 12 cultures were usually diluted with 2 qt. of 
water and used to inoculate 2000 plants. No attempt was made to use a 
single isolate of the fungus throughout the experiments. Isolations were 
usually made from field material each summer by means of tissue platings 
and the resulting cultures used as inoculum for the winter testing program. 
No study was made to determine possible pathogenic variability of the cul- 
tures. 

Plants to be tested were transplanted in the cotyledon stage and inocu- 
lated when the plants had four true leaves. Immediately after inoculation, 
the plants were covered with two thicknesses of muslin and incubated in a 
saturated atmosphere for 40 hr. at about 70° F. Resistant selections have 
been made only from greenhouse-inoculated plants. The greenhouse 
method has decided advantages over field testing in that conditions are 
relatively constant, dependence upon suitable weather is obviated, and the 
size of field plots can be reduced since only resistant selections need be 
transplanted. 

Crosses were made by pollination of emasculated flowers. Since the 
greenhouses used were essentially insect-proof, no additional precautions 
were necessary and it was found by experimentation that natural cross- 
pollination of flowers emasculated and with corollas removed did not occur 
in the field. 


DISEASE-REACTION TYPES 


Andrus and Reynard (3) recognized two types of lesions. The spots 
produced on susceptible hosts were designated as ‘‘Type A’’ and those on 
resistant hosts as ‘‘Type B.’’ We have encountered similar reaction types 
and, after early attempts to distinguish intermediates proved unsuccessful, 
selections were made on the basis of either susceptible or resistant reaction. 

(n susceptible plants the lesions are first observable as small, circular, 
grayish, watersoaked spots. These enlarge and develop gray to white cen- 
ters containing many pycnidia. On the resistant plants the spots are small, 
reddish brown even when only pinpoint in size, and only occasionally have 
a small gray center with few or no pyenidia. Both susceptible and resis- 
tant reactions appear in about 6 days after inoculation. All records were 
made 14 days after inoculation. While there was some variation among 
the lesions in size, color, and number of pycnidia, the two classes, suscepti- 
ble and resistant, were usually readily distinguishable at all ages. Meas- 
urements of the diameters of lesions and counts of the number of pycnidia 


were made using an F, population involving Lycopersicon hirsutum as the 
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source of resistance. The diameters of lesions of the susceptible type varied 
from 2.5 mm. to 4.5 mm. (average 3.28 mm.) and the number of pyenidia 
from 11 to 32 per lesion (average 20.66). In resistant plants of the same 
progeny the diameters varied from 1.5 to 2.5 mm. (average 2.07 mm.) and 
the number of pycnidia from 3 to 12 (average 6.0). The results are not 
in complete agreement with those of Andrus and Reynard (3), but their 
readings were taken seven days after inoculation. 


ACCESSIONS TESTED 

In seeking sources of resistance to Septoria lycopersici all available spe- 
cies of Lycopersicon, including many variants of L. esculentum, were either 
observed in the field (2) or tested in the greenhouse. Without exception 


TABLE 1.—Keaction of accessions¢ of four species of Lycopersicon to infection by 
Septoria lycopersici 


Species Resistant Susceptible Segregating 
L. glandulosum 126435, 126438 126450, 126949 
126439, 126440 
126441, 126443 


126448 
L. hirsutum 126445, 126446 126449, 127827 
126447, 126936 127828 
127826 
L. hirsutum var. glabratum 129157, 134417 
134418 
L. peruvianum 126431, 128656 126926, 126928 
126929, 126930 
126944, 126945 
126946 
L. peruvianum var. dentatum 127832 126935, 127830 128645, 128652 
127831, 128646 128653, 128655 
128647, 128650 
128660, 128661 
128663, 129021 
L. peruvianum var. humifusum 127829 
L. pimpinellifolium 118403, 118409 


118784, 126433 
126924, 126932 
126934, 126937 
126939, 126941 
126948, 126951 
126953, 126954 
27805, 127806 
127807, 127833 
129105, 129018 


a@Accessions designated by P. I. numbers. 


L. esculentum L. and L. pimpinellifolium (Jusl.) Mill., were susceptible. 
Certain accessions of L. glandulosum C. H. Mull., L. hirsutum, and L. peru- 
vianum were found to be highly resistant. None of the species, however, 
was uniformly resistant. L. cheesmanii Riley has not been available. The 
reactions to Septoria of accessions of L. glandulosum, L. hirsutum, L. peru- 
vianum, and L. pimpinellifolium, listed according to the Plant Introduc- 


tion numbers, are given in table 1. 
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INHERITANCE OF RESISTANCE TO SEPTORIA LYCOPERSICI FROM LYCOPERSICON 
HIRSUTUM CROSSES 

Wright and Lincoln (16) reported that several accessions of L. hirsu- 
tum had proved to be highly resistant to Septoria and that twelve F, 
plants of the cross L. esculentum var. Rutgers x L. hirsutum P.1. 126445 
had been obtained. The material which has been developed as resistant to 
Septoria at this station is derived from advanced generations of backcrosses 
to these F, plants. 

Fk’, generation—Twelve F, plants were obtained from the cross of L. 
esculentum var. Rutgers x L. hirsutum P.1. 126445. All plants were resis- 


tant to Septoria, indicating that resistance is dominant. 


rABLI Segregation for Septoria resistant and susceptible plants in 15 backcross 


populations 


y? for fit tol: 1 


edigrec Susceptible Resistant . 
ratio 
079 i 2B-B 14 15 0.34 
3B-B 33 24 1.42 
5B-B 21 18 0.23 
6B-B $4 45 0.01 
7B-B 39 47 0.74 
SB-B 19 23 0.38 
9B-B 35 s1 0.24 
1OB-B 39 61 $ 4a 
1-1B-B 15 13 0.14 
+B-B 1 29 28 
5B-B 26 31 0.44 
6B-B 12 42 0.0 
8SB-B 21 21 0.0 
9B-B {2 38 0.20 
1OB-—B 27 32 0.41 
| P = 0.88 ] 138 170 10.74 
| ( ! hth proge! 
df 14 P-0.97 oY 409 5.63 
Signit nt deviation from expected 1:1 ratio at the 5 per cent level. 
Backeross generation.—A resistant segregate from the first backcross 


population was self-pollinated for three generations at which time two selee- 
tions homozygous for resistance were backcrossed to Rutgers in the green- 
house. F, plants of this backcross were again backcrossed to Rutgers. 
Fifteen backcross progenies were tested for resistance in the greenhouse, 
and counts on these populations are given in table 2. 

Tests in the F, plants had shown that resistance was dominant. An 
inspection of these backcross data shows approximately equal numbers of 
resistant and susceptible plants, indicating that resistance is controlled by 
a single factor. Only one of the 15 populations deviated significantly from 
this hypothesis. 

F, generation.—In a series of tests involving 976 plants in 58 F, popu- 


lations, each containing about 18 plants, 710 were resistant while 266 were 
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nant gene in an F,, population. 
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susceptible. These observations do not deviate significantly (y? = 2.64) from 


1 ratio which would be expected for the segregation of a single domi- 


RESISTANCE FROM A CROSS OF RUTGERS WITH LYCOPERSICON PERUVIANUM 
In 1943 a cross of L. esculentum var. Rutgers by the green-fruited L. 
peruvianum P.1, 126944 was obtained. The resistance of this accession ap- 


pears to be the greatest of all material tested. A single F, plant (Fig. 1) 





Fic. 1. Fruit, flowers, and leaf of the F, plant of Lycopersicon esculentum var. 


Rutgers « L. peruvianum P.I, 126944. 


was obtained which proved to be resistant to Septoria. Although its necrotic 
lesions were larger than lesions on the resistant parent, no pyenidia 
were observed. IF, seed was not obtained until 1947, when a large block of 
F’, plants, taken to the field as cuttings, produced about 1500 seeds. In an 
F, population of 493 plants tested for resistance to Septoria, 371 plants 
proved resistant while 122 plants were susceptible. These data indicate 
that resistance is controlled by a single dominant factor, the y? value of 
these data fitting a 3:1 hypothesis being y? = 0.02. 

Despite the high degree of resistance of the L. peruvianum parent and 
the fact that the F, plant has been extremely difficult to infect, none of the 
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F, population proved to possess a type of resistance equal to that of the 
resistant parent. In fact, the lesions (Fig. 2) produced on the F, popula- 
tion do not differ significantly from progenies deriving their resistance 





resistant F, segregants of the cross, Lycopersicon 
scutent ar. Rutgers x L. peruvianum P.I. 126944. 


from L. hirsutum. Since attempts to cross plants involving the two sources 
T 


of resistance have been unsuccessful, it has not been possible to determine 


the ident ty of the two factors. 


IDENT Y OF RESISTAN( FROM LYCOPERSICON HIRSUTUM AND L. ESCULENTUM 


VAR. TARGINNIE RED 


Andrus and Reynard (3) published on the inheritance of Septoria re- 
sistance of material derived from the L. esculentum var. Tareinnie Red and 
showed that resistance was inherited as a single dominant factor. In an 
effort to determine whether the factor for resistance obtained from Targin- 

from L. hirsutum, seed was obtained 
from Dr. C. F. Andrus of the U. S. Regional Vegetable Breeding Labora- 


tory at Charleston, S. C., and intercrosses were made between homozygous 


nie Red was the same as the factor 


resistant selections from each source. Ten F, plants proved to be uni- 
formly resistant and were grown to maturity. The F, population of 426 
plants was found to be uniformly resistant to Septoria. This indicates that 
the genes for resistance from the two sources are identical. In fact, the 
ultimate source of resistance may be the same since Andrus and Reynard 
3) state that the Targinnie Red ‘‘apparently had become admixed with 


natural out-crosses so that many segregants were definitely ‘non-esculen- 


tum?’ in tvpe 
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EXPLANATION OF A PRESUMED CROSS BETWEEN BALTIMORE AND LYCOPERSICON 
PERUVIANUM VAR. HUMIFUSUM 


On the basis of field reaction it was observed that one green-fruited 
accession, L. peruvianum var. humifusum P.1. 127829, was extremely resis- 
tant to defoliation by Septoria. Crosses of this accession with Indiana 
Baltimore were attempted in 1939 by Wright (15), and in 1940 Wright 
and Lincoln (16) reported that two F, plants had been obtained that were 
susceptible to Septoria, indicating that resistance was recessive. Approxi- 
mately 2000 F, plants were grown and field tested in 1941. All plants were 
susceptible to Septoria and no segregation for any plant character was 
noted. It seems likely that the presumed F, plants resulted from contami- 
nant seed of some L. esculentum-like accession that was introduced acci- 
dentally into the seed packet or seedling row and certainly was not a 
hybrid between the parents reported or between any other green-fruited 


species by a red-fruited species. 
MISCELLANEOUS OBSERVATIONS 


In 1943 cuttings of the F, hybrid between Michigan State Forcing and 
Lycopersicon peruvianum of Smith (12) were provided by J. R. Shay of 
the University of Arkansas. Seven F, plants were obtained, all of which 
were resistant to Septoria. 

In 1947 L. J. Alexander of the Ohio Agricultural Experiment Station 
sent 60 F, plants of the cross Globelle x L. peruvianum var. humifusum 
and F, seed of 55 different F, plants. The F, plants and 2450 F, plants 
were tested with Septoria and found to be segregating for resistance. The 
F, plants and 900 resistant F, plants were taken to the field for observa- 
tion. The resistance of this material, as observed in the greenhouse and 
in the field, did not appear to be greater than that obtained from L. hirsu- 
tum and present in selections in the advanced breeding program. 


STATUS OF THE BREEDING PROGRAM FOR SEPTORIA RESISTANT VARIETIES 


A backcross program with either Rutgers or Indiana Baltimore as the 
recurrent parent has been used to obtain resistant selections of probable 
varietal value with the resistance being derived from L. hirsutwm P.l1. 
126445. Some of these resistant selections have been backerossed to the 
commercial type for six backcross generations. Fruit weight of the field 
selections in 1947 ranged from 115 to 230 gm. The average weight of 
Rutgers picked at the same time was 200 gm. and of Baltimore, 180 gm. 
Plant type was indistinguishable from that of the recurrent variety. Green- 
house tests of these 1947 selections showed that most were still segregating 
for resistance. The work of making varietal selections and testing their 
yielding ability and plant and fruit characters under a wide range of con- 
ditions will still require several years, although it is not expected that fur- 
ther backcrossing to a commercial parent will be necessary in order to 


select a variety or varieties resistant to Septoria. 





654 PHYTOPATHOLOGY | Vou. 39 


No test has been made of the degree of resistance that may be expected 
in the field once varieties with the present degree of Septoria resistance 
are introduced. Spore production on resistant plants has been reduced to 
about 30 per cent of normal, perhaps with a slight delay in the time of 
sporulation. More lesions are required on a resistant leaf to cause defolia- 
tion than on a susceptible leaf. Fruit load and earliness are important 
factors influencing defoliation, and to date homozygous resistant selections 
that have the same maturity and yield as commercial varieties have not 
been available for field tests. It is believed that when resistant varieties 
are available, the defoliation peak will be delayed by a period of from 2 to 


4 weeks, resulting in a reduction of losses. 


DISCUSSION 

The inheritance of resistance to Septoria lycopersici derived from 
Lycopersicon hirsutum and L. peruvianum has been shown to be governed 
by a single dominant gene. This agrees with the published work of Andrus 
and Reynard (3) who used L. esculentum var. Targinnie Red as their 
source of resistance. Although this gene has been called dominant it is to 
be noted that the size of the lesions and the number of pyenidia present in 
the F, is greater than in the resistant parent. Segregates in advanced 
generations have not been obtained that equal the resistance of the resistant 
parent. A possible explanation of this loss of resistance would be loss of 
modifying factors, although the fact that none of the 493 F, plants of the 
Rutgers by L. peruvianum cross possessed resistance equal to that of the 
resistant parent, detracts from this hypothesis. On the basis of Fisher’s 
5) theory of dominance, resistance equal to the resistance found in the 
species material might never be obtained. Varieties that have a fair 
degree of resistance to Septoria lycopersici seem to be assured but may be 
of temporary value to the tomato industry. The work of Wellhausen (14), 
Lincoln (7), and Mills (9) on pathogenic changes as influenced by host 
resistance indicates that, as long as the resistance of the host is not great 
enough to prevent a successful initial infection, genetic changes affecting 
pathogenicity may occur in the selective environment of the host and, if 
more adapted, be preferentially increased. When varieties with the de- 
gree of resistance now being developed are introduced, this theory will have 
an applied test, since such varieties will be subjected each season to pri- 
mary infection from the pathogen overwintering from the previous year 
and to a variable number of secondary infection cycles from spores pro- 


duced on resistant plants. 
SUMMARY 


Work on developing tomato varieties resistant to Septoria lycopersict 
and the inheritance of resistance is reported. 
The reaction to Septoria is reported for 66 Plant Introduction acces- 


sions representing four species of the genus Lycopersicon other than L. 
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esculentum. Resistance was found in certain collections of the species L. 
glandulosum, L. hirsutum, and L. peruvianum. 

Resistance for this breeding program was derived from L. hirsutum 
P.I. 126445. It was inherited as a dominant single gene that appears to be 
identical with the Se se factor for Septoria resistance obtained from L. escu- 
lentum var. Targinnie Red by Andrus and Reynard (3). 

The F, population derived from the cross L. esculentum var. Rutgers x 
L. peruvianum P.I. 126944 also segregates for Septoria resistance on the 
basis of a monofactorial, dominant gene. 

A cross of L. esculentum and L. peruvianum var. humifusum reported 
earlier from this station as having recessive Septoria resistance is discussed. 
It is believed likely that the presumed F, plants actually were seedlings 
resulting from contaminant seed. 

The breeding program has progressed through six backcross genera- 
tions to the stage where desirable varietal selections can be made. 

Introduction of varieties having the resistance now being worked may 
be of only temporary value in controlling this disease. It was noted that 
no selection in the advanced generations of the breeding work has resis- 
tance equal to that found in the resistant parent. 

PuRDUE UNIVERSITY AGRICULTURAL EXPERIMENT STATION 

LAFAYETTE, INDIANA 
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TRENDS IN THE POPULATION OF PATHOGENIC BACTERIA 
WITHIN LEAF TISSUES OF SUSCEPTIBLE AND 
IMMUNE PLANT SPECIES! 


WILLIAM B. ALLINGTON2 and D. W. CHAMBERLAIN 


Accepted for publication April 26, 1949) 


The host-parasite interaction in the case of bacterial diseases of plants 
has been the subject of much interest and speculation. With the exception 
of certain specific types, e.g. the gall producers, most of the information is 
eoncerned with the distribution within the tissues or with the effect of 
enzyme systems and toxins of the parasite upon the host. 

When plants are repeatedly inoculated with bacteria and no disease 
symptoms develop, the host is commonly judged immune or the bacteria 
nonpathogenic. It is assumed, of course, that the plants are incubated in 
every case after inoculation under conditions approximating their natural 
erewing conditions. Johnson* has shown, for example, the effect of incu- 
bation under conditions which maintain watersoaked tissue, a situation 
rarely observed in nature. 

[t has been generally accepted that disease symptoms due to bacterial 
leaf infection are correlated rather closely with bacterial multiplication 


in the intercellular spaces. <A satisfactory quantitative method of meas- 


uring this multiplication, however, has never come to the attention of the 
authors. Preliminary results’ have indicated the possibilities of a method 
whereby leaves are watersoaked by forceful spraying and inoculated with 
standard bacterial suspensions, and the bacterial population within the 
tissues is determined by the usual plating-out techniques. This article de- 
scribes the further development of this method and in addition presents 
data in regard to the dynamics of an immune and susceptible reaction in 


each of two hosts. 
EXPERIMENTAL MATERIALS AND METHODS 


Two host plants were selected for this investigation, bean (Phaseolus 


vulgaris L., var. Red Kidney) and soybean (Glycine max (L.) Merrill, 


var. Bansei). The plants were grown in the greenhouse. The bacterial 
parasites employed were highly virulent isolates of two common leaf spot 

1 Publis th the approval of the Director as Paper No. 464, Journal Series, 
Nebraska Agricultural Experiment Station. 

Associate Pathologist, Nebraska Agricultural Experiment Station; formerly Pa 
thologist, U. S. Department of Agriculture, located at Urbana, Illinois. 

Associate Pathologist, Division of Forage Crops and Diseases, Bureau of Plant 
(ndustry, Soils, and Agricultural Engineering, located at Urbana, Illinois, in coopera- 
tion th the Illinois Agricultural Experiment Station. 

+ Johnson, J Relation of watersoaked tissues to infection by Bacterium angulatum 

ind Bacte tabacum and other organisms. Jour. Agr. Res. [U.S. ] 55: 599-618. 
1937. 

Allington, William B Wildfire disease of soybeans. Phytopath. 35: 857-869. 
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organisms, Xanthomonas phaseoli (E. F. Sm.) Dowson, the cause of com- 
mon bacterial blight on bean, and Pseudomonas glycinea (Coerper) Stapp, 
the cause of bacterial blight on soybean. Care was taken to select two 
parasites each of which is normally considered to be nonpathogenic on one 
of the hosts. 

Inoculation of bean and soybean with Pseudomonas glycinea was ac- 
complished by directing a forceful spray of tap water against the lower 
surface of attached leaves until the whole leaf area appeared to be water- 
soaked. The leaves were immediately submerged in a standard suspen- 
sion of bacteria (8 million bacteria per ml. from a 24-hr. agar culture) 
for 1 min., exposed to the air for 3 min., and then washed through 5 
beakers of sterile water. After this treatment the leaves were untouched 
except for sampling. Inoculation of bean and soybean with Yanthomonas 
phaseoli was by water-soaking the leaves with the bacterial suspension 
directly by means of an atomizer. The atomizer used in this work was de- 
signed with an electrically driven blower which impels the finely divided 
liquid with considerable force. The concentration of inoculum, washing 
procedure, efc., were the same as with Pseudomonas glycinea. Repeated 
tests proved that the leaves were washed adequately to remove bacterial 
cells adhering to the exterior leaf surfaces. In each test, leaflets of similar 
position and age (usually in the first trifoliate) were selected on each of 
6 plants of a species. 

The population of bacteria within the intercellular spaces was deter- 
mined daily. Disks 4 mm. in diameter were cut from inoculated leaves 
with a sharp cork borer. Six disks from each species were then thoroughly 
macerated in 10 ml. of sterile water and allowed to stand for 1 hr. with 
intermittent shaking. Although the shaking was not standardized, it was 
as uniform as possible for all the samples from the two host species which 
were tested simultaneously. Appropriate dilutions were made in sterile 
water and 1 ml. of the ultimate suspension was added to each of 8 Petri 
dishes. Wernham’s buffered potato-dextrose agar® was then added im- 
mediately and thoroughly mixed. Colony counts in the culture plates 
were made in 4 to 5 days in the case of Pseudomonas glycinea and 6 to 7 
days in the case of Xanthomonas phaseoli. The first leaf samples were 
always taken within 1 hr. after inoculation and subsequent samples were 
taken at daily intervals. Sampling usually continued for at least 6 days 
after inoculation. In the case of a congenial host-parasite combination and 
unusually favorable temperature conditions in the greenhouse, the leaves 
sometimes withered earlier than 6 days, making further determinations in- 
advisable. 

RESULTS 

Pseudomonas glycinea in the leaves of bean and soybean. The results 

of the daily platings are shown in table 1. Although considerable vari- 


6 Composed of: potatoes, 200 gm.; dextrose, 20 gm.; agar, 18 gm.; KCl, 0.20 gm.; 
NaNH,HPO,, 0.50 gm.; NaH.PO,, 0.17 gm.; water, 1000 ee. 








658 PHYTOPATHOLOGY | Vou. 39 


TABLE 1,—Multiplication of Pseudomonas glycinea (Coerper) Stapp in bean and 
soubean leaves after inoculation by watersoaking 


Time Average number of bacteria per 4-mm. leaf disk 
atte 
inoeu Test 1 Test 2 Test 3 Test 4 
lation 
days Bean Soybean Bean Soybean Bean Soybean Bean Soybean 
0) 950 1.783 417 400 63 63 21 21 
] 2.500 13,166 3,933 2,700 125 166 55 110 
2 6.000 274.833 2 600 7,666 633 3,966 267 833 
3 35,000 2 610.000 19.166 181,666 5,166 6,333 550 8.333 
4 2 083 881.666 73,333 2,416,666 1,050 4,166 3,333 13,833 
5 37,833 13,416,666 24,683 5,850,000 2,283 125,000 1,383 10,000 
6 85,833 10,416,666 3,133 750,000 550 8,333 
7 84,916 15,666,666 417 20,833 550 2.833 
17 155,366 


114,266 


ability exists, it is evident that there are definite trends in the bacterial 
populations depending on the host. In soybean, the susceptible host, mul- 
tiplication of Ps. glycinea was comparatively rapid. In bean, the non- 
susceptible host, bacterial multiplication was very definite but at a much 
slower rate than in soybean. In tests 1 and 2 these differences were espe- 
cially striking. Tests 3 and 4 showed the same general trends but ex- 
cessively high greenhouse temperatures inhibited the progress of infection. 
Bacterial blight of soybean is known to be favored by cooler temperatures. 

The numbers of bacteria entering the leaf tissues at the time of inocu- 
lation varied greatly between tests. No consistent difference in this re- 
spect was noted between hosts. 

In the case of bean inoculated with Pseudomonas glycinea there were 
no symptoms of the disease in spite of the multiplication and persistence 
Table 1), determinations 


of the organism It was notable that in test 2 


TABLE 2 Vultiplication of Xanthomonas phaseoli (FE. F. Sm.) Dowson in bean 
and soybean leaves after inoculation by watersoaking 


Average number of bacteria per 4-mm. leaf disk 


- 
i 1M 
a r ry "1 ry « faa 
: Test |] lest 2 Test 3 Test 4 
inocu 
lation . . i . 
Soy Soy . Soy- : Soy- 
days Bear : Bean . Bean : Bean . 
bean bean bean bean 
0 246 76 2.026 279 3,041 3,735 1.355 390 
l 1116 296 1.375 1,960 14.700 6,405 73,050 7.061 
9 4.033 428 401.866 28.913 242.333 33,366 946.000 49.350 
188,333 1,850 10,533,333 53,966 25,360,666 166,333 91,633,333 290,166 
{ 1.646.666 9,666 33,833,333 149,783 49,166,666 10,833 165,333,333 249,166 
5 600,000 5,333 13,550,000 602,450 147,000,000 122,833 854,166 
G 14,783,333 8,000 164,666,666 278,300 $10,333 
7 112,833,333 6,166 
14 3,183 
16 3.250 
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made 32 days after inoculation revealed substantial numbers of bacteria 
in the leaf tissues. 

Xanthomonas phaseoli in leaves of bean and soybean. The results with 
X. phaseoli (Table 2) show much less variability than those with Ps. gly- 
cinea (Table 1). A reciprocal condition exists, however, with the two 
hosts. In the case of soybean, multiplication occurred but proceeded at a 
slower rate. No symptoms were produced and the organism persisted in 
substantial numbers in the inoculated leaves in one of the tests for at 
least 28 days. 

Multiplication of this organism in the leaf of bean was very rapid, as 
expected. Each test was discontinued the day the leaves withered from 
the effects of the infection. Increasing greenhouse temperatures late in 
the spring accounted for the acceleration of bacterial multiplication and 
leaf tissue collapse shown progressively in tests 14 (Table 2). 


DISCUSSION 
Various investigators have observed the persistence of nonpathogenic 
bacteria within host tissues. The study of the behavior of pathogenic 
forms in immune species or resistant varieties by the method described in 
this article stimulates new lines of thought bearing on the dynamics of 
disease resistance. It has been shown in this study, for example, that 
Pseudomonas glycinea and Xanthomonas phaseoli multiply when intro- 
duced into the leaf tissues of hosts normally considered to be immune. 
The rates of multiplication in the susceptible and immune species do not 
differ greatly until the second or third day after inoculation. At this time 
large populations of bacteria are present in the tissues. This would in- 
dicate that the immune reaction is inoperative until the bacteria in the 
intercellular spaces have an effect upon the adjoining living cells. Further 
investigations will be necessary to conclusively prove this hypothesis. 
The knowledge that at least some pathogens can live and multiply in 
immune hosts, under natural conditions, has an influence upon the theo- 
ries of epidemiology, the dynamics of disease resistance, and the adapta- 


tion of pathogens to new hosts. 


SUMMARY 


A method of studying the multiplication of bacterial pathogens within 
plant leaves is described. By the use of this method two pathogens were 
studied in immune and susceptible hosts. It was found that multiplica- 
tion, presumably in the intercellular spaces, was initiated about equally in 
both the immune and susceptible host. After a time the inhibitory effect 
of the noncongenial host became apparent when the bacterial population 


was found to increase less rapidly or to decrease markedly. The popula- 
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tion within the congenial host continued to increase until destruction of 
the tissues occurred. 
ILLINOIS AGRICULTURAL EXPERIMENT STATION 
URBANA, ILLINOIS 
U. S. DEPARTMENT OF AGRICULTURE 
AND 


NEBRASKA AGRICULTURAL EXPERIMENT STATION 


LINCOLN, NEBRASKA 

















NATURAL SPREAD OF PHONY DISEASE TO 
APRICOT AND PLUM? 


LEE M. HutTcHins? and Jouun LL. BUE 


(Accepted for publication April 26, 1949) 


Artificial transmission of phony disease of peach to other Prunus spe- 
cies (almond, common apricot, Japanese apricot, and plum) by means of 
root-to-root graft inoculations was reported in 1933.4 The present paper 
deseribes observations and experiments establishing the fact of natural 
spread of the disease to two species of apricot and three species of plum. 
The work was performed at the U. S. Horticultural Field Laboratory, Fort 
Valley, Georgia, where phony-affected peach trees were growing and nat- 
ural spread of the disease in peach was known to be taking place. 

After long exposure to natural infection, which is described for each 
species, a representative number of trees was tested for presence of phony 
disease virus in the roots by indexing to peach. For this purpose, normal 
peach nursery trees of a commercial variety were obtained in a territory 
free of phony disease. On the tap root of each index tree was grafted 
a root piece 5 or 6 in. long, from one of the trees to be tested. The graft- 
ing was done in winter, and the index trees were planted 3 ft. apart in 
nursery rows. After an incubation period of 18 months or more follow- 
ing graft inoculation, the peach index trees were examined to determine 
whether the disease had been transmitted. Uninoculated peach nursery 
trees, interspersed among the index trees in the plantings, served as checks 
to determine the hazard of natural spread of phony disease in the index 
test plots. Tests demonstrating that 5 Prunus species had contracted 
phony disease through natural spread are summarized in table 1. 


COMMON APRICOT 


In March 1932, the Division of Plant Exploration and Introduction 
supplied small seedlings of common apricot, Prunus armeniaca L., under 
13 Plant Introduction numbers. The seeds for the seedlings were ob- 
tained at several locations in southern Europe and northern Africa. 
These seedlings were planted in the experimental nurseries at Fort Valley, 
Georgia. For each P. I. number, 10 trees received root grafts from phony- 
diseased peach trees, and 10 trees were used for checks and for later ob- 
servation on natural spread of the disease to apricot. 

1 Contribution from Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, U. 8S. Department of Agriculture. 

2 Formerly senior pathologist, fruit-tree virus disease investigations. 

Formerly chief scientific aid. Deceased 1946. 

* Hutchins, Lee M. Identification and control of the phony disease of the peach. 

Ga. State Entom. Bul. 78. 1933. 
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After an incubation period of 18 months, many of the artificially inocu- 
lated trees, representing all of the P. I. numbers, developed dwarfed 
growth and profuse lateral branching typical of phony disease (Fig. 1, A 
and B), whereas the check apricot trees were normal in appearance (Fig. 
1, C and E). However, as the years passed it was noted that an increas- 
ing number of the check trees also developed symptoms of the disease 
(Fig. 1, D). 

On February 3, 1938, root-graft inoculations to peach index trees were 
made to determine whether the dwarfed condition in the apricot was due 
to the presence of phony disease virus. 

In the case of the artificially inoculated apricot trees, subinoculations 
to peach were made from 6 trees, all of which for several years had shown 
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Fic. 1. Common apricot trees of same age: A and B, phony-affected as a result 
of root-graft inoculation from diseased peach; C and E, normal, bearing no root graft; 
D, bearing no root graft, but phony-affected as a result of natural infection. 


symptoms resembling those of phony disease. Thirty peach index trees, 
in lots of 5 for each apricot tree, received graft inoculations with apricot 
roots. By October 2, 1939, after an incubation period of 20 months, each 
of 21 of the peach index trees bore a living apricot root graft, and of these, 
18 trees, or 85.7 percent, had developed positive symptoms of phony dis- 
ease (Fig. 2, A). 

For confirmation of the suspected natural transmission of phony dis- 
ease to apricot, 6 apricot trees showing symptoms of the disease without 
artificial inoculation (Fig. 1, D) were indexed by root grafts to peach. 


Five peach index trees were used for each apricot tree. When the test 
was terminated on October 2, 1939, after an incubation period of 20 
months, all of the 24 index trees on the tap root of which the apricot root 
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graft survived, showed typical symptoms of phony disease (Fig. 2, 
and Table 1 


Root-graft inoculations to peach index trees showed the virus to 
present in 2 


mal-appearing apricot trees. Based on experience with peach, this inc 





39 


A, 


be 


2 or 3 of the 5 apricot root pieces tested from each of 5 nor- 


li- 


cated that these apricot trees were in the incubation stage of phony disease. 





Fic. 2. Elberta peach trees of same age: A, index trees, phony-affected as a 
result of root-graft inoculation from diseased common apricot; B, normal noninoculated 
cheek trees; C, index trees, phony affected as a result of root-graft inoculation from 
diseased Japanese apricot; D, normal index trees, bearing root graft from normal 
Japanes ricot tree 

For each of 2 other normal-appearing apricot trees similarly tested by 


grafting on the roots of peach index trees, 4 out of 5 apricot roots survived 
and all of the index trees remained normal. 

Natural spread of phony disease to common apricot was evident from 
these tests, and symptoms in the naturally infected apricot trees were 
identical with symptoms in the apricot trees that were inoculated by root 


grafts from phony-diseased peach trees. 
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JAPANESE APRICOT 


In March 1929, 54 seedling nursery trees of Japanese apricot, Prunus 
mume Sieb. & Zuec., P. Ll. No. 26886, were planted 3 feet apart in a nursery 
row at Fort Valley, Georgia, where they were grown for 9 years in the 
vicinity of a high incidence of phony-diseased peach trees and were fre- 
quently observed for symptom manifestation of the disease. 

In 1934, 5 years after the trees were planted, they had attained a height 
of 9 to 10 ft. with profuse interlaced lateral branches, typical of the species. 
As would be expected in such a group of seedlings, variations in vigor, 
leaf size, and seasonal response among individuals were noted, but none 
of the trees had the excessive dwarfing associated with phony disease in 
peach and common apricot. At this time (1934) the entire group of trees 
was pruned to an even height of about 5 ft., so that the row presented the 
appearance of a clipped hedge. This type of pruning, when applied to 
peach or to common apricot grown under similar conditions, is an effective 
means of forcing symptoms of phony disease in trees bearing the causa- 
tive virus. Following this severe pruning, the mume trees grew to a 
height of 10 to 12 ft. and did not manifest identifiable symptoms of the 
disease. To determine whether some of the trees were symptomless carriers 
of the virus, root-graft inoculations were made to peach. Three peach 
index trees were used for each of the 54 mume trees, thus making a total 
of 162 index trees. 

The grafting was performed in February 1938. In August 1939, after 
an incubation period of 19 months, final data were taken on the condition 
of the grafts and the behavior of the index trees. For 6 mume trees, each 
peach index tree, 18 in all, bore a living mume root graft and showed 
phony disease symptoms (Fig. 2, C). For 20 other mume trees, each 
peach index tree, 60 in all, bore a living mume root and showed no symp- 
toms of phony disease (Fig. 2, D). These results established the fact 
that Japanese apricot is susceptible to natural infection by phony-disease 
virus. 

The results of the index test on the remaining 28 mume trees are not 
discussed here because of variability among the index trees due to failure 
of one or more of the mume root grafts, or to differences in incubation 
stages, in which some mume roots transmitted the disease to peach and 


some did not. 
PRUNUS HORTULANA AND PRUNUS MEXICANA 


Seeds of the Hortulan plum, P. hortulana Bailey, and of the big-tree 
plum, P. mexicana 8. Wats., were obtained from sources outside the phony- 
disease area, and were planted at Fort Valley, Georgia, in January 1930. 

In the resultant blocks of several hundred seedlings of each species, 
no mechanical inoculations were made, but 8 years later (July 1938) some 


of the seedlings displayed growth and leaf symptoms suggestive of phony 
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disease. At that time, 17 such trees of P. hortulana and 15 of P. mexicana 
were selected for indexing to peach in order to determine whether they 
had contracted phony disease from natural inoculations. 

Five index trees were employed for each plum tree, which made a total 
of 85 index trees for P. hortulana and 75 for P. mexicana. The grafting 
was performed on January 28, 1939, and the trees were planted in the ex- 
perimental nursery the following day. Interspersed among the 160 index 
trees in the planting were 50 noninoculated peach check trees. 

In late August 1940, after an incubation period of 19 months, the peach 
index trees were examined for symptoms of phony disease. For 12 of the 
17 P. hortulana trees, each of 60 peach index trees bore a living plum root 
and showed positive symptoms of phony disease. For 6 of the 15 P. mezi- 
cana trees, each of 30 peach index trees bore a living plum root and showed 
positive symptoms of phony disease. The results of the index test on the 
remaining trees of these two plum species are not discussed here because 
of variability in the index tree lots due to failure of one or more of the 
plum root grafts, or to differences in incubation stages in the plum, so that 
some of the roots transmitted the disease to peach and some did not. All 
of the noninoculated peach check trees were normal. It was proved by 
these tests that P. hortulana and P. mexicana are subject to natural in- 
fection by phony disease virus. 

PRUNUS ANGUSTIFOLIA 

Natural spread of phony disease to two apricot species and to two plum 
species having been established, the following experiment was performed 
to determine whether wild plums in the vicinity of heavily diseased peach 
orchards also might harbor the causative virus. A thicket of Chickasaw 
plum, P. angustifolia Marsh, growing at the edge of a field near Ogle- 
thorpe, Georgia, from which a commercial peach orchard showing very 
high incidence of phony disease recently had been removed, was chosen as 
a source of representative material for the test.° 

In January 1941, 30 plum seedlings from this thicket were transplanted 
to the experimental nursery at Fort Valley, Georgia, for further observa- 
tion and for indexing to peach. Three index trees were employed for each 
of 15 plum trees. Grafting and planting were done on February 13, 1941. 
The test block consisted of the 45 inoculated peach index trees and 128 
noninoculated peach check trees. 

The results of the experiment were observed in the summer of 1942. 
For 5 plum trees, each of 15 peach index trees bore a living plum root 
and showed positive phony disease symptoms. For 5 other plum trees, 


each of 15 peach index trees bore a living plum root and showed no symp- 


For aid in selection of a plum thicket of known history, in collecting specimens 
for the test, and for other assistance, the authors are indebted to Mr. Howard Bruer, 
Phony Peach and Peach Mosaic Control, and to Mr. William F. Turner, in charge of 
Phony Disease Vector Research, both of the Bureau of Entomology and Plant Quaran- 
tine, U. S. Department of Agriculture. 
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toms of phony disease. The results of the index test on the remaining 5 
plum trees are not discussed here because of variability among the index 
trees due to failure of one or more of the plum root grafts, or to differ- 
ences in incubation stages in the plum, so that some roots transmitted the 
disease to peach and some did not. All of the 128 peach check trees were 
normal at the termination of the experiment. The experiment demonstrated 
conclusively that Chickasaw plum trees are subject to natural infection 
with phony disease virus. 
SUMMARY 
Natural spread of phony disease virus to seedling trees of 2 species of 
apricot and 3 species of plum, growing near phony-diseased peach trees, 
was demonstrated in the tests here reported. Symptom manifestation in 
the infected trees tested was strong in Prunus armeniaca, less marked in 
P. hortulana and P. mexicana, and highly indefinite in P. mume and P. 
angustifolia. Infected trees of the latter two species were virtually symp- 
tomless carriers of the virus. 
PLant INDUSTRY STATION 
BELTSVILLE, MARYLAND 





PHYTOPATHOLOGICAL NOTES 


Comparison of Methods for Artificially Inoculating Sugar-Cane Seed- 
lings with the Mosaic Virus.—Bain' reported transmission of sugar-cane 
mosaic by an abrasion technique, using either sand or carborundum as the 
abrasive. He worked with plants of seedling progenies that differed ge- 
netically in their susceptibility to mosaic and thus did not permit accurate 
comparison of the abrasion with the needle-prick method,’ which is ordi- 
narily used for artificial transmission of this disease. Since the abrasion 
technique is more rapid and economical and permits inoculation of younger 
plants in testing the several thousand seedlings produced each year in the 
sugar-cane breeding program, it was important to determine whether it is 
as effective as the needle-prick method in obtaining infection. The two 
methods were compared in several experiments, using three sugar-cane 
elones: Louisiana Purple, very susceptible, and Co. 281 and Co. 290, mod- 
erately susceptible to mosaic. 

TABLE 1.—The mosaic infection in sugar-cane clones inoculated by abrasion or by 


needle 


Plants infecteda 


lone Abrasion Needle-prick 
method method 
Per cent Per cent 
Louisiana Purple 100 89 
Co. 281 89 60 
Co. 290 86 44 


a Differences between methods for each variety significant at the 5 per cent level. 


Single-bud cuttings of each were germinated in 4-in. pots of steamed 
soil in the greenhouse, and when the plants were 3 to 4 weeks old and 4 to 6 
in. tall they were arranged in randomized blocks on the benches, with 10 
plants in each of the 10 replications of each treatment. Half of the plants 
were inoculated by needle prick and half by abrasion, using washed, 80- 
mesh, sea island sand (which other experiments had shown to be more ef- 
fective than 100-mesh sand, or 80-mesh and 100-mesh carborundum). The 
results of one experiment are typical of several that were performed (Table 
Sp 

Beeause of the several advantages of the abrasion method, and the fact 
that these results showed it to be as effective as the needle-prick technique, 
it has been adopted for the routine inoculation of sugar-cane seedlings in 
testing for mosaic resistance. Admittedly, inoculation of very young plants 


1 Bain, Douglas C. The use of abrasives for inoculating sugar-cane seedlings with 
the mosaic virus. Phytopath. 34: 844-845. 1944. 
> Matz, Julius. Artificial transmission of sugar-cane mosaic. Jour. Agr. Res. 
fU. S.] 46: 821-839. 1933. 
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with abrasives may result in infection (and consequent elimination from 
further consideration) of some clones that would not become infected if in- 
oculated by the needle-prick method, or when exposed to natural infection 
in the field. This possibility was investigated by inoculating by both tech- 
niques 10 young plants, grown from cuttings of each of the following sugar- 
cane varieties that have shown only rare or no cases of mosaic in commercial 
culture or in extensive experimental field plantings, and which are difficult 
if not impossible to infect artificially by the needle-prick technique; C. P. 
28/19, 29/320, 34/92, 34/120, 36/13, 36/19, 36/105, 36/183, and 43/47. 
Three plants of C. P. 43/47, two of C. P. 36/183, and one of C. P. 36/13 
were infected by the abrasion technique. Two plants of C. P. 36/19 were 
infected by the needle-prick method. Thus, infection of some resistant 
clones may result from the artificial inoculation techniques used. However, 
since more seedlings are usually produced each year in the breeding program 
than can be handled in the field and some must be discarded anyway, it is 
believed that elimination of the several thousand that can be infected with 
mosaic at this early stage is justified. 

While the abrasion technique gives better virus transmission than the 
needle-prick in the inoculation of young plants, in other experiments it was 
found, as mentioned by Bain, that as plants increased in age and size before 
inoculation the method became less effective; and that with plants several 
months old, higher infection was obtained with the needle-prick technique. 
Inoculating the whorl of unfolding leaflets by the abrasion method gave 
significantly higher infection than inoculating the completely unfolded 
leaves. 

Experiments were also performed to determine whether it was feasible 
to inoculate seedlings with mosaic in the germinating flats prior to potting, 
thereby saving the labor and greenhouse space required for potting the sev- 
eral thousand that are eventually eliminated because of mosaic susceptibil- 
ity. The unfolding leaflets of the plants in the flats were crushed between 
small, flat pieces of wood covered with fine sandpaper (which was more rapid 
than rubbing with the fingers) and then atomized with extracted juice of 
mosaic-infected plants. Infection comparable with that obtained by other 
methods was obtained. However, this technique has not been adopted as a 
routine procedure because it is difficult to avoid uprooting some seedlings, 
and practically impossible to give uniform treatment to all plants. In some 
tests a high percentage of infection was obtained when the leaves were 
clipped back to slightly above the growing point and the plants immediately 
atomized with infective juice, but at other times no infection resulted from 
this treatment.—E. V. Assott, United States Sugar Plant Field Station. 
Houma, Louisiana. 


Some Unreported Host Plants of Sugar Beet Mosaic Virus.—In fields 
of sugar beets in southern California three species of plants have been 
found naturally infected with sugar beet mosaic that appear not to have 
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been reported previously as susceptible to this disease. These are Ama- 
ranthus ye troflea us L. (plgweed * Melilotus indica (;.) All. (vellow sweet 
elover), and Trifolium incarnatum L. (crimson clover). The disease was 
transmitted experimentally from sugar beet to these species and to the 
following seven additional species that appear also to be unrecorded hosts, 
by means of the aphid, Myzus persicae Sulz.: Beta patellaris Moq., Brow- 
allia speciosa Hook., Nicotiana quadrivalvis Pursh and var. multivalvis 
(Lindl.) Gray, N. clevelandi Gray, Phacelia campanularia Gray, Pisum 
sativum L. (garden pea, var. Little Gem), and Samolus parviflorus Raf. 
(water pimpernel). The disease was transmitted to sugar beet from plants 
of each of these species by juice inoculation. 

Grafts were made from diseased plants of Nicotiana clevelandi and N., 
quadrivalvis to healthy plants of Datura meteloides DC. (tolguacha), D. 
stramonium lL. (jimsonweed), Lycopersicon esculentum Mill. (tomato), 
Nicotiana acuminata (Grah.) Hook., N. glauca Grah. (tree tobaceo), N. 
glutinosa L., N. langsdorfii Weinm., N. longiflora Cav., N. palmeri Gray, N. 
paniculata L., N. rustica L., N. sylvestris Speg. and Comes, and N. tabacum 
L. (tobacco, var. Turkish). No evidence of systemic infection was ob- 
tained on any of these species and juice from the stock variety failed in 
all cases to produce infection on sugar beet, whereas inoculation with 
juice from the scion variety resulted in high percentages of infection in 
all tests. Therefore, it appears that all of these species are immune from 
systemic infection by sugar beet mosaic virus. 

Other plants were heavily infested repeatedly with Myzus persicae 
from mosaic sugar beet but showed no evidence of infection. These in- 
elude Brassica nigra (l.) Koch (black mustard), Cucumis sativa L. (eu- 
eumber, var. Longe Green), Lactuca sativa L. (lettuce), Medicago sativa 
L. (alfalfa), Melilotus alba Desr. (white sweet clover), X Petunia hybrida 
Vilm. (petunia), Phaseolus vulgaris L. (bean, vars. Kentucky Wonder, 
Stringless Greenpod, Great Northern, and Red Kidney), Phytolacca ameri- 
cana L. (pokeweed), Plantago lanceolata L., Rumer acetosella 1... Sisym- 
brium rio L.. Sonchus as pe r L., Trifolium pratense Li. (red elover), a. 
repens L. (white clover), and Zinnia elegans Jacq. 

Symptoms of the disease on plants shown to be susceptible consisted 
of various types of mottling more or less covering the range of mottling 
found on sugar beet On Melilotus indica chlorosis was limited to the veins 
and immediately adjacent tissue in some leaves but appeared as various 
types of mottling in others as shown in figure 1. Plants of Trifolium in- 
carnatum were dwarfed and the leaves were deformed and showed some 
necrosis in addition to mottling and vein chlorosis. A common pattern 
of mottling with little or no leaf dwarfing and no deformity was produced 


on Nic otiana cle é landi and N. quadrivalvis. On Samolus parviflorus necro- 


sis was produced first, followed by a certain amount of recovery and mott- 
ling. Plants of Beta patellaris had dwarfed, mottled, and deformed leaves, 


but in many instances the disease was restricted to one or a few shoots, other 
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shoots on the same plant remaining for long periods free of symptoms 
and of virus. Local necrotic lesions 2 to 4 mm. in diameter were pro- 
duced on leaves rubbed with juice from diseased plants. These lesions 
were definite and numerous enough to be useful in studies of properties of 
the virus. Similar lesions were produced on inoculated leaves of the 
Detroit Dark Red variety of garden beet. 


St | 





Fig. 1. Leaves of Melilotus indica (yellow sweet clover), showing range of mot- 
tling observed on plants attacked by sugar beet mosaic. 

Melilotus indica has been found with an appreciable percentage of in- 
fection in most locations where it was growing in close association with 
diseased sugar beets, including plantings near Tucuman and Conesa in 
Argentina, observed in 1941. Trifolium incarnatum used as a cover crop 
in plots near diseased sugar beets at Hemet, California, was rather heav- 
ily infected in 1943. However, it is not believed that these plants or any 
of the susceptible weed hosts serve as important sources of virus for sugar 
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beet or garden beet. Evidence indicates strongly that virus is carried 
into new fields mainly from older diseased beet plants that have been left 
or planted near new plantings.—C. W. Bennert, U.S. Sugar Plant Field 
Laboratory, Riverside, California. 


The Length of Tobacco Mosaic Virus Particles from Juice and from 
Leaf Residue.—Karlier workers have disagreed regarding the relative 
length of tobacco mosaic virus particles obtained from juice and from the 
residue after the juice has been extracted. Some evidence has been pre- 
sented indicating that the particles obtained from the residue are shorter 
than those from juice.’* Gaw,* on the contrary, maintained that virus 
particles from juice have essentially the same length as those from residue. 
This question is important in that it may provide significant evidence re- 
garding the mode and site of virus multiplication. We have accordingly 
attempted to obtain conclusive information regarding the relative length 
of virus particles from juice and from residue. 

The juice virus was obtained by freezing the leaves, adding 3 per cent 
of the fresh weight of powdered K,.HPO, to the frozen leaves, grinding in a 
meat chopper, and pressing out the juice. The juice was then subjected to 
alternate low and high speed centrifugation until pure enough for electron 
microscopy. The residue virus was prepared essentially by the method of 
Bawden and Pirie.* The residue left after the juice was pressed out was 
washed with four changes of distilled water, and a small portion of the resi- 
due was ground in a hand-operated, ground-glass homogenizer. Phosphate- 
HCl buffer® was added during the grinding to produce the best liquid con- 
tent for grinding and to hold the pH around 7. The preparation was then 
subjected to alternate low and high speed centrifugation, and the resulting 
virus was subjected to electron microscopy. Both juice and residue viruses 
were kept in phosphate-HCl buffer throughout the various centrifugations 
to prevent aggregation of virus particles. The length of the virus particles 
was measured on enlarged prints. 

Typical results are shown as length distribution curves in figure 1. The 
virus particles from juice or residue are in two distinct length groups that 
we have previously called ‘‘short group’’ and ‘‘middle group.’’ The 
‘long group’’ particles that result from end-to-end aggregation of shorter 
particles were essentially absent in our preparations. 


1 Bawden, F. C., and W. Pirie. The separation and properties of tobaeco 


mosaic virus in different states of aggregation. Brit. Jour. Exper. Path. 26: 294-312. 


Crook, E. M., and F. M. L. Sheffield. Electron-microscopy of viruses: I. State 
of aggregation of tobacco mosaic virus. Brit. Jour. Exper. Path. 27: 328-338. 1946. 

Gaw, H. Zanyin. A comparative study of the properties of two strains of tobacco 
mosaic virus prepared from the sap and from the leaf residues of Turkish tobacco plants. 
Archiv. f. Gesam. Virusforsch. 3: 347-355. 1947. 

t Bawden, F. C., and N. W. Pirie. The liberation of virus, together with materials 
that inhibit its precipitation with antiserum, from the solid leaf residues of tomato plants 
suffering from bushy stunt. Brit. Jour. Exper. Path. 25: 68-80. 1944. 

Rawlins, T. E., Catherine Roberts, and Nedra M. Utech. An electron microscope 
study of tohaeeco mosaic virus at different stages of infection. Amer. Jour. Bot. 33: 


356-363. 1946. 
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Each experiment was repeated at least three times, and a relatively 
large number of particles was measured in each experiment. The results 
of these experiments are shown in table 1. The results in figure 1 and table 
1 show that about 70 per cent of the particles of juice virus are in the middle 
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Fig. 1. Typical length distribution curves of juice and residue viruses. 


group having a mode around 300 mz; about 30 per cent of the juice virus 
particles fall in the short group. Residue virus, on the contrary, contains 
about 70 per cent short group particles and 30 per cent middle group 
particles. 

Experiments were conducted to determine whether the high proportion 
of short group particles in the residue might be caused by the homogeniza- 
tion. Juice virus was homogenized, and healthy residue to which purified 
juice virus had been added was likewise homogenized. In each case electron 
micrographs showed that the homogenization did not produce a detectable 
change in the length of the juice virus particles. These results apparently 
prove that the high proportion of short group particles in the residue virus 
is not due to breaking up of virus particles during homogenization. 

The results apparently provide conclusive evidence that virus from resi- 
due contains a much higher proportion of short group particles than does 


virus from juice. 
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Because Gaw* concluded that juice virus and residue virus have essen- 


tially the same size, we have made careful measurements of the virus par- 
ticles in his micrographs. We find that 15 per cent to 60 per cent of the 
particles in his four preparations are longer than 446 mp. Comparing 
these results with our table 1, it appears that his preparations were ag- 
gregated. This marked aggregation resulting from his methods of prep- 
aration apparently accounted for his failure to detect a difference in the 
length of virus particles in juice and in residue. 

The fact that Oster and Stanley® obtained a typical juice virus length 
distribution curve by breaking infected hair cells in distilled water may be 
due to the short residue virus particles remaining oecluded in protoplasm 
and therefore not being shown in the electron micrographs. The middle 
group particles, which they observed in abundance, apparently are rel- 
atively free in the cell, may escape into the water, and may be readily de- 


tected by means of the electron microscope. 


TABLE 1 Length of tobacco mosaic virus particles obtained from residue and 


Percentage 


Numberof Numberof Percentage Percentage 


Experi Source o ; between 231 
gt ultracen particles shorter er longer 
ment No virus . 99 and 446 mu : 
trifugations measured than 231 my * than 446 my 
long 
23D Residue 2 1049 65 35 0 
17 Residue l 128 84 16 0 
20D Residue 3 23 59 36 5 
23A Juice 2 267 35 63 2 
43 Juice 238 27 60 13 
10 Juice 9 828 26 68 6 
l Juice 3 599 27 71 2 


Another hypothesis that is in accordance with all of the observed results 
is that most of the residue virus results from the rupture of chloroplasts 
during homogenization. The small proportion of short particles obtained 
by Oster and Stanley from hair cells might be due to the absence of chloro- 
plasts in these cells. 

We have studied the infectivity of juice and residue virus and find, as 
have earlier workers '"*-° that most or all of the infectivity is in the middle 
group particles; short group particles show little, if any, infectivity. 

Since healthy tissues do not yield any elongated particles detectable by 
the electron microscope, the available evidence indicates that the short 
group particles represent a stage of the virus that is noninfective when 


Oster, G., and W. M. Stanley. An electron microscope study of the contents of 
hair cells from leaves diseased with tobacco mosaic virus. Brit. Jour. Exper. Path. 27: 
261-265. 1946 

7 Lauffer, Max A. The sedimentation rate of the infectious principle of tobacco 
mosaic virus. Jour. Biol. Chem. 151: 627-634. 1943. 

Sigurgeirsson, Thorbjorn, and W. M. Stanley. Eleetron microscope studies on 
tobacco-mosaic virus. Phytopath. 37: 26-38. 1946. 

’Oster, Gerald. Studies on the sonic treatment of tobacco mosaic virus. Jour. 


Gen. Physiol. 31: 89-102. 1947. 
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removed from the host—Wu1LuiAM N. TAKAHASHI and T. E. Raw.ins, Divi- 
sion of Plant Pathology, University of California, Berkeley, California. 


Peronospora tabacina Adam in Washington State.'—In 1891 Spegazzini 
described Peronospora Nicotianae occurring on Nicotiana longiflora in 
Argentina. Later he recorded the occurrence of this fungus on other species 
of Nicotiana native to South America. 

In the past 25 to 30 years the blue mold of tobacco has caused severe 
losses in seed beds in the tobacco-growing regions of the United States and 
Australia. Clayton and Stevenson**, after considerable study, have con- 
cluded that the causal organism of blue mold of tobacco is distinct from P. 
Nicotianae Speg. and should be known as P. tabacina Adam. Indeed, they 
concluded that it is improbable that the ‘‘oospores’’ found in Spegazzini’s 
material are those of a Peronospora, since the measurements (76—80 ») are 
greater than those recorded for the oospores of any other Peronospora spe- 
cies®. It is interesting to note that none of the four Spegazzinian specimens 
studied by Clayton and Stevenson? possesses both ‘‘oospores’’ and conidia. 
Three of the four specimens contained only ‘‘oospores,’’ while the fourth 
bore only conidiophores and conidia. I suggest that P. Nicotianae Speg. 
is a Nomen confusum, being based on the conidiophores and conidia of the 
fungus now generally called P. tabacina Adam and on the oosporelike 
bodies of some other fungus. 

Prior even to Spegazzini’s first collection (1888), Farlow* in 1885 col- 
lected a Peronospora in California on N. glauca, this host being a species 
which had been introduced from Argentina‘t. However, this is not one of 
the hosts upon which Spegazzini recorded the presence of his P. Nicotianae. 
At the time it was collected, the California fungus was referred to P. 
Hyoscyami de Bary, a European species which at present is considered to 
be restricted to Hyoscyamus niger. Harkness in 1886 recorded the occur- 
rence of a Peronospora on N. Bigelovii in Nevada, and recently Stevenson 
and Archer® have reported P. tabacina on N. attenuata from the same State. 
However, the identity of all previous collections from western United States 
has been subject to doubt because they lacked oospores. 

A downy mildew recently has been collected on N. attenuata in Wash- 
ington State. The collection was made by J. D. Menzies at Prosser, Benton 
County, Washington, during the summer of 1946 (WSC-PP No. 15947; 
portion also deposited in the herbarium at the Bureau of Plant Industry, 

1 Published as Scientific Paper No. 821, College of Agriculture and Agricultural 
Experiment Stations, Institute of Agricultural Sciences, State College of Washington, 
Pullman, Washington. 

2 Clayton, E. E., and J. A. Stevenson. Nomenclature of the tobacco downy mildew 
fungus. Phytopath. 25: 516-521. 1935. 

}$ ——______—.. and —————————.. Peronospora tabacina Adam, the organism 
causing blue mold (downy mildew) disease of tobacco. Phytopath. 33: 101-113. 1943. 
(Other relevant earlier papers are cited therein.) 

+ Farlow, W. G. Notes on some injurious fungi of California. Bot. Gaz. 10: 346- 
348. 1885. 


5 Stevenson, J. A., and W. A. Archer. A contribution to the fungus flora of Nevada. 
U.S. Dept. Agr., Pl. Dis. Reptr. 24: 93-103. 1940. 
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U. S. Department of Agriculture, Beltsville, Maryland). The specimen is 
of considerable interest since it bears conidiophores and conidia and also 
contains oospores. 

The 
oospore measurements fall within the range of those reported by other 
workers for the oospores of P. tabacina Adam, and are very close to those 


oospores measure 40—57 y» in diameter, with a mean of 47.2 ». These 


originally given by Adam (35-60 », mean 46 ,) in his description of ma- 
terial on NV. Tabacum from Australia. Of even greater importance is the 
fact that the exospore definitely places this Washington State collection in 
the section Effusae of the genus Peronospora, while the ‘‘oospores’’ present 
in Spegazzini’s material must, on the basis of the exospore structure, be 
referred to a species of the section Calothecae, if these structures are con- 
sidered those of a Peronospora. The Washington State collection is there- 
fore identified as P. tabacina Adam. Furthermore, this specimen contain- 
ing oospores supports the opinion that the earlier western collections are 
also P. tabacina. 

The Washington State specimen, collected on a rather rare native plant 
in a non-tobacco-growing region would seem to support the theory that the 
downy mildew is endemic on the Pacific Coast, were it not for the fact that 
at least one host susceptible to P. tabacina, namely N. glauca, had been in- 
troduced on the Pacifie Coast from South America prior to the first collee- 
tion of the downy mildew*. If this known host introduction is considered, 
there is still doubt as to whether P. tabacina was originally endemic to all 
three areas (North America, South America, and Australia) where species 
of Nicotiana are native, or whether it has spread from one of these areas 


to the others —CHARLES GARDNER SHAW, Department of Plant Pathology, 
State College of Washington, Pullman, Washington. 
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